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CHAPTER 1 
GENERAL INTRODCUTION 
Insects and pathogens were estimated to reduce soybean [Glycine max (L.) Merr.] yields 
by an average of 12.3% from 1999 to 2005 in the United States (U.S. Department of Agriculture, 
1999-2005).  For this reason, breeders are constantly evaluating germplasm for resistance to 
important pests and are on the outlook for pests that may pose potential threats. 
An insect that has become of economic concern in Iowa and other states is the soybean 
aphid (Aphis glycines Matsumura).  The soybean aphid first was reported in the Midwest in 2000 
and by 2004 had spread to nearly 80% of the soybean production acreage (Hartman et al., 2001; 
Venette and Ragsdale, 2004).  The first aphid resistance allele, Rag1, was available to breeders 
in 2006 (Hill et al., 2006).  Three additional aphid resistance loci identified as Rag2, Rag3, and 
rag4 have been reported since that time (Hill et al., 2009; Zhang et al., 2009 and 2010).  No 
studies have been reported on the agronomic performance of soybean lines with Rag2 or in 
combination with Rag1.  The objective of the first study was to evaluate the impact of the 
combination of the two alleles on agronomic and seed traits of soybean lines grown under aphid-
free conditions. 
Although some pests in other countries currently are not of economic importance in the 
U.S., the worldwide exchange of plant material has increased the risks of foreign insects and 
pathogens being introduced.  De Barro (1995) reported that the global distribution of whiteflies 
(Bemisia tabaci) and international transfer of plant materials containing whiteflies is a major 
reason for the increase of whitefly-transmitted viruses throughout the world.  Of the 111 viruses 
transmitted by whiteflies, a virus producing Cowpea mild mottle virus-like (CPMMV-L) 
symptoms, has been reported to cause apical necrosis, blackening and necrosis of stems, and 
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plant death in soybean (Jones, 2003; Almeida et al., 2005; Viteri, 2008).  Although the virus has 
not yet been reported in soybeans grown in the continental U.S., it directly impacts U.S. soybean 
production by its presence in winter nurseries used by private and public institutions for cultivar 
development and research.  Almeida et al. (2005) and Viteri (2008) identified soybean cultivars 
and lines displaying resistance to the virus.  The objective of the second study was to determine 
the inheritance and molecular basis of soybean lines resistant to the virus. 
 Though soybean meal is a primary source of protein and provides some of the essential 
minerals for the animal ration, 71% of the phosphorus (P) is present in the form of phytate in 
conventional soybean and is not able to be utilized by monogastric organisms (Oltmans et al., 
2005).  Reduction of phytate phosphorus (P) in soybean meal increases P digestibility, decreases 
P concentrations in manure of monogastric organisms, and can reduce the risk of P 
contamination in ground water (Dilger and Adeola, 2006; Powers et al., 2006; Hill et al., 2009).  
Combining the LP trait with low saturated fatty esters (LS) in the oil would result in added value 
for both the meal and oil (Dilger and Adeola, 2006; Powers et al., 2006; Fehr, 2007; Hill et al., 
2009).  Multiple studies have reported a negative association between the concentrations of 
phytate P and saturated fatty esters (Hulke et al., 2004; Oltmans et al., 2005; Gill and Fehr, 
2011).  Gill and Fehr (2011) were able to recover a small frequency of LP individuals with <70 g 
kg
-1
 saturates, and hypothesized that this was due to the accumulation of favorable modifying 
genes for reduced saturates.  The first low-phytate soybean line with low saturates, A38, was 
developed at Iowa State Univ.  The objective of the third study was to test the hypothesis that 
genes for elevated saturate concentration linked to both lpa1 and lpa2 interact epistatically to 
cause the elevated saturate concentration in LP lines. 
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CHAPTER 2 
IMPACT OF COMBINING THE RAG1 AND RAG2 ALLELES FOR APHID 
RESISTANCE ON AGRONOMIC AND SEED TRAITS OF SOYBEAN 
 
Abstract 
Damage to soybean [Glycine max (L.) Merr.] by the soybean aphid (Aphis glycines 
Matsumura) has been of economic concern in the midwestern United States since 2000.  
Soybean lines with both the Rag1 and Rag2 alleles have had substantially reduced aphid 
development compared to lines with either of the two alleles individually.  The objective of this 
study was to evaluate the impact of the two alleles on agronomic and seed traits of soybean by 
comparing 22 BC3F2:4 lines with the two alleles to their susceptible recurrent parent 'IA3027', 14 
BC3F2:4 lines with the Rag2 allele to their susceptible recurrent parent 'IA2076', and 25 BC3F2:4 
lines with the Rag1 allele to their susceptible recurrent parent 'IA3045'.  Three replicated 
experiments were grown under aphid-free conditions at three Iowa environments during 2011.  
The mean yield of the backcross (BC) lines was 4.5% less than IA3027, 3.9% less than IA2076, 
and 5.2% less than IA3045.  A minimum of 68% of the BC lines were not significantly different 
than their recurrent parent in the three experiments.  Although there were significant differences 
in mean maturity, plant height, lodging, oil and protein concentration, and seed weight between  
the BC lines and their recurrent parent, there were individual BC lines in each experiment that 
were not significantly different from the recurrent parent for all of the traits.  The results 
indicated that it should be possible to develop resistant cultivars with the Rag1 and Rag2 alleles 
that have comparable performance for agronomic and seed traits to those of susceptible cultivars. 
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Introduction 
The soybean aphid (Aphis glycines Matsumura) has been of economic importance to 
soybean [Glycine max (L.) Merr.] in the United States  since it was first reported in Wisconsin, 
Illinois, and Michigan during the summer of 2000 (Hartman et al., 2001; Venette and Ragsdale, 
2004).  By 2004, the soybean aphid had spread to 80% of the United States soybean production 
acreage (Venette and Ragsdale, 2004). 
Infested soybean fields display symptoms of stunting and can be covered in honeydew 
excreted by the soybean aphid in severe cases (Rice et al., 2007).  The honeydew promotes 
growth of a sooty mold that limits photosynthesis of the plant (Macedo et al., 2003).  Control of 
soybean aphids has been primarily through use of broad spectrum insecticides (Hartman et al., 
2001).  A disadvantage of the application of broad spectrum insecticides is that they also kill 
natural enemies of the soybean aphid.  The use of host resistance would be a desirable alternative 
for reducing the application of broad spectrum insecticides to control the soybean aphid. 
Four loci with alleles that confer partial resistance to the soybean aphid have been 
reported (Hill et al., 2006; Hill et al., 2009; Zhang et al., 2009 and 2010).   The first allele 
available to soybean breeders was Rag1.  It was identified in the cultivar Dowling as a single 
dominant allele by scientists of the USDA-ARS and the University of Illinois at Urbana-
Champaign (UIUC) (Hill et al., 2006).  The Rag1 locus has been mapped to a 115 kb interval 
between the single nucleotide polymorphism (SNP) markers 21A and 46169.7 on linkage group 
M (chromosome 7) (Kim et al., 2010a).  Studies by Kim and Diers (2009) and Mardorf et al. 
(2010) reported that there was no negative impact of the Rag1 allele on agronomic and seed traits 
of soybean lines in the absence of aphids.  In the presence of aphids, Mardorf et al. (2010) 
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observed up to a 47.6% greater mean yield of lines with the Rag1 allele than those without the 
allele. 
The Rag2 allele was found in PI 200538 (Hill et al., 2009).  Rag2 was mapped to a 54 kb 
interval between SNP markers KS9-3 and KS5 on linkage group F (chromosome 13) (Kim et al., 
2010b).  The Rag1 allele was combined with the Rag2 allele by Wiarda et al. (2011) to evaluate 
aphid development on lines with both the Rag1 and Rag2 alleles, Rag1 alone, Rag2 alone, or 
neither of the alleles. They reported that aphid development on lines with both Rag1 and Rag2 
was significantly less than on lines with either Rag1 or Rag2 alone.  No studies have been 
reported on the agronomic performance of soybean lines with Rag2 alone or in combination with 
Rag1.  The objective of our study was to determine the impact of the combination of the two 
alleles on agronomic and seed traits of soybean lines grown under aphid-free conditions. 
Literature Review 
Aphid development and reproduction  
 The soybean aphid has a heteroecious holocyclic life cycle that requires a primary and 
secondary host and reproduces both sexually and asexually.  Species of buckthorn (Rhamnus 
cathartica L. and Rhamnus alnifolia L’Her) serve as the primary and overwintering host and 
soybean as the secondary host (Ragsdale et al., 2004).  In the spring, soybean aphid eggs hatch 
and asexually reproduce viviparous females for three generations on buckthorn.  Viviparous 
means that they give birth to living nymphs, instead of eggs.  The third generation alate (winged) 
aphids are able to fly and are carried by the wind to soybean fields.  Once on the soybean, the 
winged aphid reproduces asexually.  All offspring from these aphids are female and can be 
winged or apterate (wingless) (Ragsdale et al., 2004).  In the fall, winged male and females are 
produced on soybean and migrate back to buckthorn, where they reproduce sexually.  Females 
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deposit their eggs on buckthorn, where they overwinter until spring (Ragsdale et al., 2004).  Up 
to 15 generations have been reported to occur on soybean in a single growing season (Wang et 
al., 1962).  Populations of soybean aphids have the ability to double in size every 5.5 to 7 d.  The 
optimum temperature for reproduction of the soybean aphid is 22-25 C and the optimum relative 
humidity is <78% (Rice et al., 2005). 
Soybean aphid biotypes  
 Three biotypes have been identified in the United States (Kim et al., 2008; Hill et al., 
2010).  Biotype one was identified as the Illinois isolate.  It was collected in Urbana, IL, in 2000.  
Infestation by the Illinois isolate is significantly reduced on soybean plants containing the Rag1 
or Rag2 resistance genes compared to those without the two resistance genes.  Biotype two was 
found in 2005 at the Ohio Agricultural Research and Development Center, Wooster, OH, and 
was identified as the Ohio isolate.  The Ohio isolate differs from the Illinois isolate by its ability 
to colonize soybean plants containing the Rag1 resistance gene, but its ability to infest plants 
with the Rag2 resistance gene is significantly reduced (Kim et al., 2008).  Biotype three, SF-55, 
was found in Springfield Fen, IN.  It is capable of overcoming the Rag1, Rag2, Rag3, and rag4 
resistance genes (Hill et al., 2010). 
Damage caused by the soybean aphid 
The soybean aphid has been found on multiple legumes as secondary hosts, but soybean 
appears to be the major secondary host to aphids in North America (Ragsdale et al., 2004).  
During vegetative development, the soybean aphid primarily colonizes the growing points of the 
soybean.  Later in the reproductive stages of development, the soybean aphids become more 
dispersed throughout the entire plant (Ragsdale et al., 2004).  Aphids insert their stylet into the 
plant to feed on the plant’s phloem.  This feeding causes the soybean aphid to produce and 
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excrete honeydew that collects on leaves.  The honeydew produced by the aphid promotes 
growth of a sooty mold that covers the surface of the leaves, inhibiting photosynthesis (He et al., 
1991).  Macedo et al. (2003) reported that photosynthetic rates were significantly affected by 
soybean aphids.  As few as 20 aphids leaflet
-1
 significantly lowered photosynthetic rates by 50%.  
They suggested that yield losses due to soybean aphids might occur at a much lower aphid 
density than what might be expected.  Although the metabolic pathway associated with aphid 
resistance is not yet known, Li et al. (2008) suggested that hydrogen peroxide, salicylic acid, and 
jasmonic acid were involved in the defense signaling of Rag1. 
 Soybean aphid populations reached >3,000 aphids plant
-1
 in Iowa in 2003, and resulted in 
an average yield reduction of 32% compared with yields in Iowa during 2002 (Rice et al., 2005; 
2007).  Beckendorf et al. (2008) studied the agronomic affects of infesting the susceptible 
Pioneer (Johnston, IA) cultivar 91B91 with aphids at the V5 and R2 developmental stages (Fehr 
et al., 1971) in 2003 and 2004.  Field cages were placed over two rows of soybean plants. 
Soybean aphids were counted every two weeks after infestation.  They reported that the number 
of soybean aphids peaked near the R5 developmental stage.  They suggested that the decline in 
aphid populations after R5 was due to the reduction in the concentrations of phloem sap nitrogen 
in the plant.  In 2003, the maximum yield loss they observed was 52% when aphids were 
infested at V5 and 20% at R2.  In 2004, the maximum yield loss was 88% when infested at V5 
and 39% at R2.  They concluded that aphid populations and yield losses were greater when 
infested at V5 compared to R2. 
 Aphids also have been reported to be a vector of viruses.  The soybean aphid is capable 
of efficiently transmitting multiple viruses, such as alfalfa mosaic virus, bean yellow mosaic 
virus, and soybean mosaic virus.  Soybean aphids can transmit the soybean mosaic virus within 
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5-30 min of feeding on soybean plants.  The soybean mosaic virus can cause significant yield 
losses, although this has not yet been documented in Iowa.  A greater concern for producers is 
the simultaneous presence of both soybean mosaic and bean pod mottle virus that is transmitted 
by the bean leaf beetle (Rice et al., 2005; 2007). 
Control of the soybean aphid 
 Before 2000, the soybean aphid was not observed in the United States and no insecticides 
were labeled for its control.  In August 2000, Hartman et al. (2001) reported that they performed 
an insecticide efficacy trial in Illinois to control the soybean aphid.  They reported that the 
insecticide treatments reduced aphid populations by >90%.  Rice et al. (2005, 2007) suggested 
that insecticides from the pyrethroid and organophosphate classes should be applied with nozzles 
that produce a small droplet size to allow canopy coverage.   
 A major concern when using insecticides is the broad spectrum of insects affected (Rice 
et al., 2007).  Natural enemies of the soybean aphid, such as Asian lady beetles (Harmonia 
axyridis), insidious flower bugs (Orius insidiosus), green lacewings (Chrysoperla rufilabris), and 
parasitic wasps (Binodoxys communis) also would be affected by the insecticides.  Asian lady 
beetles have been reported to eat up to 200 aphids d
-1
 and parasitic wasps can parasitize up to 
180 aphids d
-1
 (Rice et al., 2007).  These natural enemies are effective at controlling small 
soybean aphid populations, but ineffective when there are >100 aphids plant
-1
.   
To help producers make better decisions when an insecticide application should be made, 
Ragsdale et al. (2007) determined economic threshold and injury and levels for soybean aphids.  
The economic threshold is when action should be taken to prevent aphid populations from 
exceeding the economic injury level.  The economic injury level is when damage caused by the 
soybean aphid is equal to the cost of treatment.  Ragsdale et al. (2007) measured aphid 
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development on four-row plots at 19 environments.  There were six treatment levels of 0, 2,000, 
4,000, 8,000, 12,000, and 16,000 cumulative aphid days (CAD) (Hanafi et al., 1986) replicated 
four times each.  They concluded that the average economic threshold was 273 ± 38 aphids plant
-
1
.  This economic threshold provides producers with a 7 d period to spray an insecticide before 
the economic injury level is reached.  They found that the economic injury level was 674 ± 95 
aphids plant
-1
.  Until recently, insecticides have been the only tool producers could use for 
control of the soybean aphid.  Broad-spectrum insecticides are harmful to the environment and 
cannot be used by organic soybean growers.  Host resistance to the soybean aphid would provide 
a desirable alternative to insecticides. 
Tolerance, antibiosis, and antixenosis are the three main forms of resistance.  Tolerance is 
the ability of the plant to perform similarly in the presence or absence of a pest.  Antibiosis 
resistance affects the biology of the pest, and antixenosis resistance is non-preference for the 
host.  Four endogenous genes have been identified that provide resistance to the soybean aphid.  
These genes have been identified as Rag1, Rag2, Rag3, and rag4.  Based on choice and non-
choice tests, Rag3 provides antixenosis resistance, while the others provide antibiosis resistance 
(Li et al., 2004; Mian et al., 2008). 
In the summer of 2010, Wiarda et al. (2011) evaluated aphid development in the field 
near Ames, IA, on four genotypic classes involving the Rag1 and Rag2 genes.  The four 
genotypic classes selected for evaluation were Rag1Rag1rag2rag2 (R1/S2), rag1rag1Rag2Rag2 
(S1/R2), Rag1Rag1Rag2Rag2 (R1/R2), and rag1rag1rag2rag2 (S1/S2).   Seed for each of the 
four genotypic classes was prepared by bulking BC1F3 seed from BC1F2 plants with the desired 
genotype.  Their experiment contained five aphid treatment levels for each of the four genotypic 
classes.  The five aphid treatment levels were aphid-free, 675 aphids per plant; 25,000 CAD; 
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50,000 CAD; 75,000 CAD.  Each treatment and class combination was replicated six times as a 
factorial arrangement in a randomized complete-block design.  Each plot was 0.61 m long.  The 
plots were planted with 24 seeds and later thinned to 10 plants plot
-1
.  The plots were covered by 
a netted cage.  Aphids used in the experiment were from an Iowa State laboratory colony that 
originated from fields in Jasper and Story counties in 2008 and Story County in 2009.  Aphids 
were infested by paper clipping a leaf with approximately 50 aphids to five plants in each plot.  
Once a treatment level was obtained, those plots were kept aphid-free by spraying lambda-
cyhalothrin (Warrior II®, Syngenta, Wilmington, DE).  Aphid treatment levels of 25,000 CAD, 
50,000 CAD, and 75,000 CAD were re-infested with a leaf containing approximately 100 aphids 
that were paper clipped to five plants plot
-1
.  They reported that aphids were present on the three 
resistant genotypic classes, but their development was significantly limited compared to the 
susceptible class.  Aphid development on soybean lines that contained only the Rag1 or Rag2 
allele was comparable.  Soybean lines with the Rag1 and Rag2 alleles combined provided 
additional protection due to slower development rates compared to Rag1 or Rag2 alone.  They 
indicated that the combination of the Rag1 and Rag2 alleles would be beneficial to soybean 
producers.  
Inheritance, mapping, and agronomic traits associated with Rag1 
 The Rag1 allele was found in the soybean cultivar Dowling and confers antibiosis 
resistance (Hill et al., 2004; Li et al., 2004).  Rag1 provides partial resistance to biotype one, but 
does not provide resistance to biotypes two or three (Kim et al., 2008; Hill et al., 2010). 
 The inheritance of Rag1 was characterized by Hill et al. (2006) using F1 plants, F2 plants 
and F2:3 lines.  Phenotype data were collected by infesting plants in choice tests with biotype one.  
A significant segregation ratio of 3 resistant : 1 susceptible was observed for the F2 plants, and a 
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1:2:1 ratio for the F2:3 lines.  They concluded that Rag1 resistance was due to a single dominant 
allele. 
 Li et al. (2007) used 149 F2:3 lines of a 'Dowling' x 'Loda' population, 121 F2:3 lines from 
a Dowling x Williams 82 population, and 140 F2:3 lines of a 'Jackson' x Loda population to map 
the location of the Rag1 locus.  They were able to map the Rag1 locus to a 3.7 cM region on 
linkage group M (chromosome 7) between markers Satt435 and Satt463.   
Kim et al. (2010a) used 824 BC4F2 and 1,000 BC4F3 plants to fine map the Rag1 locus.  
They were able to narrow the Rag1 locus to a 115 kb interval between single nucleotide 
polymorphism (SNP) markers 21A and 46169.7 on linkage group M.   
 The agronomic and seed traits associated with the Rag1 gene have been studied by Kim 
and Diers (2009) and Mardorf et al. (2010).  Kim and Diers (2009) evaluated BC3F2- and BC2F2- 
derived soybean lines.  Lines were identified as homozygous resistant or susceptible for Rag1 
using the markers Satt435 and Satt463 that flank the Rag1 region.  The experiment was designed 
as a randomized complete-block design that was replicated twice at three environments over two 
years.  They reported that in the absence of soybean aphids, soybean lines with Rag1 were not 
significantly different than susceptible lines for yield, height, and lodging.  Soybean lines with 
Rag1 matured an average of 2 d later.  They concluded that the Rag1 gene derived from the 
soybean cultivar Dowling could be successfully used in breeding for soybean aphid resistance. 
 Mardorf et al. (2010) evaluated the agronomic and seed traits of 27 BC2F2:4 lines 
homozygous for Rag1 and 27 BC2F2:4 lines homozygous for rag1.  The lines used in the study 
were identified as homozygous resistant or susceptible for the Rag1 gene by phenotypic data 
obtained in the field near Ames during 2008 and the use of the Satt540 marker that is linked to 
the Rag1 locus.  Phenotypic data obtained in 2008 were based on a 1-10 aphid score.  Plots with 
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no aphids were given an aphid score of 1; 250-300 aphids (economic threshold) a score of 5; and 
>800 aphids, severely stunted, and dying plants a score of 10.  The BC2F2:3 lines grown in 2008 
were evaluated for yield at two locations in an aphid-infested experiment.  The BC2F2:3 Rag1 
lines yielded 47.6% and 24.5% greater than the BC2F2:3 rag1 lines at the two locations.  In 2009, 
aphid-free and aphid-infested experiments were grown as a randomized complete-block design 
with two replications at three environments.  The aphid-free experiment was sprayed with 
lambda-cyhalothrin (Warrior II®, Syngenta, Wilmington, DE) when aphid populations reached 
approximately 5 aphids plant
-1
.  They reported that the mean yield of the Rag1 lines was not 
significantly different than the rag1 lines in the aphid-free experiment.  In the aphid-infested 
experiment, the Rag1 lines yielded significantly greater than the rag1 lines by 6.2%, 8.8%, and 
6.7% at the three environments.  There were no significant differences between Rag1 and rag1 
lines for maturity, height, and lodging.  Although there were differences in oil and protein 
concentration and seed weight, the ranges in these traits between the two genotypic classes 
overlapped, which would allow development of Rag1 cultivars comparable to those with rag1.  
They concluded that the Rag1 gene had no influence on the yield of lines in the aphid-free 
experiment and a positive impact on yield in the aphid-infested experiment. 
Inheritance and mapping of Rag2 
 Soybean aphid resistance in PI 200538 was found by Li et al. (2004) and Hill et al. 
(2009) to be due to antibiosis.  PI 200538 was reported to provide resistance to biotypes one and 
two, but not biotype three (Kim et al., 2008; Hill et al., 2010).     
 Hill et al. (2009) determined that PI 200538 contained the Rag2 gene and mapped its 
location.  They characterized its inheritance using two populations, 'Ina' x PI200538 and 
'Williams 82' x PI 200538.  Phenotypic data were collected by using choice tests with biotype 
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one and biotype two.  They reported that the F2 plants segregated in a 3 resistant : 1 susceptible 
ratio that was significant based on Chi-square test.  The F2:3 lines significantly fit a 1:2:1 
segregation ratio.  They concluded that aphid resistance in PI 200538 was due to a single 
dominant allele identified as Rag2.  Using these lines and the phenotypic data, they were able to 
map the location of the Rag2 locus to a 10 cM region.  This region was on linkage group F 
(chromosome 13) near Satt510, Sct_033, Satt234, and Soyhsp176.   
Kim et al. (2010b) used 5,783 F2 plants with different amounts of backcrossing to fine 
map the Rag2 locus.  The parentage of the F2 plants included PI 200538, Ina, Loda, and multiple 
experimental lines.  Using molecular and phenotypic data, they narrowed the location of the 
Rag2 locus to a 54 kb interval between SNP markers KS9-3 and KS5.  
Inheritance and mapping of Rag3 
 Zhang et al. (2010) evaluated 249 F4:6 lines to characterize the inheritance and map the 
locus responsible for soybean aphid resistance in PI 567543C.  An aphid colony collected from 
the Michigan State University Agronomy farm was used in collecting phenotypic data.  The 
phenotypic data indicated that the inheritance was due to a single additive allele.  They were able 
to map the location of this locus to a 10 cM region on linkage group J (chromosome 16) between 
Satt339 and Satt414.  They concluded that because of its inheritance and location, the locus 
responsible for aphid resistance in PI 567543C should be designated Rag3. 
Inheritance and mapping of rag4 
 Mensah et al. (2005) reported that PI 567541B and PI 567598B provided antibiosis 
resistance, and PI 567543C provided antixenosis resistance.  Mensah et al. (2008) evaluated F1 
and F2 plants and F2:3 lines from three segregating populations (PI 567541B x E00075, PI 
567598B x 'Titan', and PI 567598B x E00075).  Phenotypic data were collected by using aphids 
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from naturally infested fields.  They concluded that aphid resistance in PI 567541B and PI 
567598B was due to two recessive alleles that significantly fit a 15 susceptible : 1 resistant ratio.  
This is characterized as duplicate dominant epistasis.  Zhang et al. (2009) evaluated 228 F3:4 lines 
from the cross of PI 567541B x 'Skylla'.  They mapped one of the recessive alleles near Satt299.  
Satt299 is 3 cM from Satt435, which is closely linked with Rag1.  This allele was designated 
rag1_provisional.  The second recessive allele was closely linked with Satt649 and Satt343 on 
linkage group F (chromosome 13).  This is the same linkage group as Rag2, but located distant 
from Rag2.  This allele was designated rag4.   
Materials and Methods 
The parents used to develop the backcross populations were 'IA3027', 'IA3045', 'IA2076', 
A08-123074, 'IA3027RA1', LD05-16521, and LD08-89051a.  IA3027 and IA3045 were large-
seeded, high-protein cultivars and IA2076 was a large-seeded cultivar developed by Iowa State 
University.  A08-123074 was a BC2F2-derived line developed at Iowa State University from the 
backcross of IA3027(3) x LD05-16521 (Mardorf et al., 2010).  IA3027RA1 was developed at 
Iowa State University from the backcross of IA3027(4) x LD05-16521 as a large-seeded, high-
protein cultivar with the Rag1 allele.  LD05-16521 was the donor of the Rag1 allele and LD08-
89051a the donor of the Rag2 allele.  Both of the parents were developed at the University of 
Illinois Urbana-Champaign (UIUC). 
The cross A08-123074 x LD08-89051a was made to develop lines with both the Rag1 
and Rag2 alleles (RA12), IA2076 x LD08-89051a to develop lines with the Rag2 allele only 
(RA2), and IA3045 x LD05-16521 to develop lines with the Rag1 allele only (RA1).  The three 
crosses were made at the 3
rd
 Millennium Genetics (3MG) research station near Santa Isabel, PR, 
during March 2009.  Seeds of the F1 and recurrent parents were planted at the Agricultural 
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Engineering and Agronomy Research Center near Ames, IA, during May 2009.  F1 plants from 
each cross were confirmed as hybrids through molecular analyses conducted by the laboratory of 
Brian Diers at UIUC.  The SSR marker Sct_033 was used for the RA12 and RA2 crosses and the 
SSR marker Satt540 was used for the RA1 cross.  Hybrid plants were used as males in crosses to 
their recurrent parent to obtain BC1F1 seed. 
BC1F1 seeds, IA3027RA1, IA2076, and IA3045 were planted at Santa Isabel, PR, in 
October 2009.  The parent A08-123074 was replaced by IA3027RA1 as the recurrent parent 
because it was more closely related to IA3027.  Molecular analyses conducted by Iowa State 
University and later by the laboratory of Brian Diers at UIUC identified 19 Rag1Rag1Rag2rag2 
BC1F1 plants from the RA12 cross, eight rag1rag1Rag2rag2 plants from the RA2 cross, and 
seven Rag1rag1rag2rag2 plants from the RA1 cross.  The SSR marker Satt540 was used to 
select for Rag1 and Sct_033 for Rag2.  Selected plants were used as males in crosses to the 
recurrent parent to obtain BC2F1 seed. 
BC2F1 seeds, IA3027RA1, IA3045, and IA2076 were planted at 3MG near Santa Isabel, 
PR, in January 2010.  BC2F1 plants were genotyped at Iowa State Univ. with the TaqMan assays 
ss107913360 for Rag1 and KS9-3 for Rag2 in the RA12 cross, the SSR marker Sct_033 for Rag2 
in the RA2 cross, and the TaqMan assay ss107913360 for Rag1 in the RA1 cross (Kim et al., 
2010ab).  The RA12 cross had five Rag1Rag1Rag2rag2 BC2F1 plants, the RA2 cross had seven 
rag1rag1Rag2rag2 plants, and the RA1 cross had nine Rag1rag1rag2rag2 plants identified that 
were used as males in crosses to the recurrent parent to obtain BC3F1 seed.   
The BC3F1 seeds from each cross were planted at the Agricultural Engineering and 
Agronomy Research Center near Ames, IA, during the summer of 2010.  BC3F1 plants were 
genotyped for Rag1 with the TaqMan assay ss107913360 and Rag2 with TaqMan assays KS9-3 
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and KS12 (Kim et al., 2010ab).  The RA12 cross had three Rag1Rag1Rag2rag2 BC3F1 plants, 
the RA2 cross had six rag1rag1Rag2rag2 plants, and the RA1 cross had 10 Rag1rag1rag2rag2 
plants.  The BC3F1 plants were harvested individually.  The BC3F2 seeds from the plants of each 
cross were sampled equally as possible to obtain a bulk of 200 BC3F2 seeds for planting the 
following season in Puerto Rico. 
In October 2010 at 3MG near Santa Isabel, PR, the 200 BC3F2 seeds from each cross 
were planted at 7 seeds m
-1
.  Due to poor germination, only 121 plants from the RA12 cross, 87 
plants from the RA2 cross, and 137 plants from the RA1 cross were available to be genotyped 
with the Rag1 and Rag2 TaqMan assays.  The RA12 cross had 27 Rag1Rag1Rag2Rag2 BC3F2 
plants, the RA2 cross had 21 rag1rag1Rag2Rag2 plants, and the RA1 cross had 40 
Rag1Rag1rag2rag2 plants that were harvested individually to obtain BC3F2:3 lines. 
The BC3F2:3 lines and parents, IA2076, IA3045, IA3027, IA3027RA1, A08-123074, 
LD05-16521, and LD08-89051a, were each planted at Santa Isabel, PR, during January 2011 in 
one row 8.38 m long at 13 seeds m
-1
.  Each BC3F2:3 line and parent had four plants genotyped 
with the TaqMan assays for the Rag1 and Rag2 alleles to confirm that they were homogenous for 
either the resistant or susceptible alleles at the two loci.  The RA12 cross had five, the RA2 cross 
had seven, and the RA1 cross had one heterogeneous BC3F2:3 line that were discarded.  Only 
homogeneous BC3F2:3 lines and parents were harvested individually in bulk. 
Due to the large number of homogeneous BC3F2:4 lines from the RA1 cross, selection 
among them for protein concentration and seed weight was performed for the 2011 experiment.  
The 25 lines with a protein concentration and seed weight most similar to IA3045 were included 
in the 2011 experiment.  Protein concentration was determined using an Infratec 1221 near-
infrared whole grain analyzer (Tecator AB, Hooganas, Swedan).  A sample of approximately 500 
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F4 seeds from each line was used to determine seed weight by counting and weighing the seeds 
and dividing the weight by the number of seeds.  No selection for protein or seed weight was 
practiced among homogeneous lines of the RA12 and RA2 crosses used in the 2011 experiments 
due to the limited number of BC3F2:4 lines within each of them. 
Each experiment in 2011 consisted of resistant BC3F2:4 lines, the donor parents, and their 
susceptible parent.  The RA12 experiment consisted of 22 BC3F2:4 Rag1Rag1Rag2Rag2 
(Rag1Rag2) lines, LD05-16521, LD08-89051a, IA3027RA1 and two entries of IA3027.  The 
RA2 experiment consisted of 14 BC3F2:4 rag1rag1Rag2Rag2 (Rag2) lines, LD08-89051a, and 
two entries of IA2076.  The RA1 experiment consisted of 25 BC3F2:4 Rag1Rag1rag2rag2 (Rag1) 
lines, A08-123074, and two entries of IA3045.  Each experiment was grown at Ames, Eldora, 
and Rippey, IA.  The soil type at Ames is a Nicollet loam (fine-loamy, mixed, superactive, mesic 
Aquic Hapludolls); the soil type at Eldora is a Clarion loam (fine-loamy, mixed, mesic Typic 
Hapludolls); and the soil type at Rippey is a Nicollet loam (fine-loamy, mixed, mesic Aquic 
Hapludolls).  Each experiment was planted as a randomized complete-block design with three 
replications at each location.  Entries were planted in two-row plots 3.05 m long spaced 0.68 m 
apart within a plot and 0.91 m between adjacent plots.  The seeding rate was 30 seeds m
-1
.  
Eldora was planted on 17 May, Ames on 18 May, and Rippey on 19 May.  Plots were checked 
once every two weeks and sprayed with lambda-cyhalothrin (Warrior II®, Syngenta, 
Wilmington, DE) when aphid populations reached approximately five aphids plant
-1
.  Plots at 
Eldora were sprayed on 15 July and 9 August while plots at Ames and Rippey were sprayed on 
26 July. 
Each plot was evaluated for yield, maturity, lodging, height, seed weight, and protein and 
oil concentration.  Maturity was recorded as the d after 31 August when 95% of the pods on the 
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main stem had reached their mature color.  Lodging was a visual score from 1 (all plants erect) to 
5 (all plant prostrate).  Plant height was the length in cm from the ground to the terminal node.  
All plots were harvested with a plot combine (ALMACO, Nevada, IA) and the weight and 
moisture of the seed were determined.  Yields of the plots were adjusted to 130 g kg
-1
 moisture.  
Protein and oil concentration were determined using an Infratec 1221 near-infrared whole grain 
analyzer (Tecator AB, Hooganas, Sweden) and adjusted to 130 g kg
-1
 moisture.  A sample of 
approximately 500 seeds from each plot was used to determine seed weight by counting and 
weighing the seeds and dividing the weight by the number of seeds. 
The data for all traits were analyzed as a randomized complete-block design using the 
general linear model (GLM) procedure of SAS version 9.2 (SAS Institute, 2008).  Environments 
and replications were considered random, and genotypes were considered fixed.  The first 
analysis of variance for each experiment included the backcross (BC) lines and the two entries of 
their susceptible parent.  The sums of squares for genotypes were partitioned into variation 
among BC lines, the two entries of the susceptible parent, and the orthogonal contrast between 
the two types.  The means squares for each component were tested by its interaction with the 
environment by an F-test.  A second analysis of variance was performed for each experiment that 
also included the donor parents.  The genotype by environment interaction means squares from 
the second analysis of variance was used as the error term to calculate the least significant 
difference (LSD) for comparison of entry means at the 0.05 probability level. 
Results and Discussion 
 The mean yield of the BC lines was less than the mean of the two entries of IA3027 by   
4.5% for the RA12 experiment, 3.9% less than IA2076 for the RA2 experiment, and 5.2% less 
than IA3045 for the RA1 experiment (Table 2.1, 2.2, and 2.3).  The reduction in mean yield of 
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the BC lines was significant (P≤0.05) for the RA12 and RA1 experiments, but not the RA2 
experiment.  There were significant differences in yield among the BC lines for each experiment 
(Table A2, A3, and A4).  Based on the LSD value at the 0.05 probability level, there were 15 of 
the 22 Rag1Rag2 BC lines (68%) in the RA12 experiment, 12 of the 14 Rag2 BC lines (86%) in 
the RA2 experiment, and 19 of the 25 Rag1 BC lines (76%) in the RA1 experiment that were not 
significantly different in yield than the mean of their susceptible parent.  The results indicated 
that it should be possible in a breeding program to obtain lines with the Rag1 allele, Rag2 allele, 
or their combination that yield as well as susceptible lines.  
There were significant differences between the mean of BC lines and the mean of the two 
entries of their susceptible parent among the three experiments for maturity, plant height, lodging 
score, protein and oil concentration, and seed weight (Table 2.1, 2.2, and 2.3).  Although 
significant differences were present, they were small and not consistent among the three 
experiments.  The maximum difference between the mean of the BC lines and their susceptible 
parent was 1 d for maturity, 4 cm for height, 0.3 for lodging score, 3 g kg
-1
 for protein 
concentration, 2 g kg
-1
 for oil concentration, and 25 mg sd
-1
 for seed weight.  Despite these 
significant differences among the three experiments, there were BC lines in each of the 
experiments that were not significantly different than their susceptible parent for all of the traits.  
This indicated that the Rag1 and Rag2 alleles alone or combined would not prevent the 
development of lines similar to susceptible lines in a breeding program for the agronomic traits 
evaluated in our study. 
The lack of negative impacts of the Rag1 and Rag2 alleles on agronomic and seed traits 
indicated that soybean breeders should be able to develop cultivars with the two alleles that are 
comparable to susceptible cultivars.  The research of Wiarda et al. (2011) indicated that 
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combining the two alleles in a cultivar would be superior for aphid control than the use of either 
allele alone.  This is particularly important for organic growers who are limited in the types of 
insecticides they are able to use for soybean production. 
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Table 2.1.  Entry and type means for agronomic and seed traits of backcross lines, IA3027, IA3027RA1, LD05-
16521 and LD08-89051a grown at three Iowa environments in 2011. 
Entry Rank Type† Yield Maturity Height Lodging  Protein Oil Seed Wt. 
   kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
113024 1 IA3027   3299     31    99     2.2   373   168     208 
113012 2 BC line   3294     33    94     2.1   373   163     216 
113003 3 BC line   3289     31    94     2.1   369   174     215 
113027 4 LD05-16521   3263     32  103     2.4   332   191     164 
113007 5 BC line   3257     32    98     2.1   365   170     223 
113028 6 LD08-89051a   3251     32  102     2.4   329   184     162 
113001 7 BC line   3212     33    95     2.2   379   164     221 
113004 8 BC line   3186     32    95     2.1   380   168     221 
113023 9 IA3027   3176     31  100     2.4   371   168     210 
113008 10 BC line   3155     33    99     2.2   374   164     226 
113021 11 BC line   3139     33    97     2.0   365   167     209 
113005 12 BC line   3111     31    87     1.9   379   168     216 
113010 13 BC line   3109     32    99     2.0   376   168     204 
113009 14 BC line   3107     33    95     2.2   370   164     213 
113002 15 BC line   3106     31    95     2.0   371   173     215 
113022 16 BC line   3096     31    89     1.7   381   169     215 
113013 17 BC line   3087     31    90     1.8   378   172     215 
113025 18 IA3027RA1   3086     31    97     2.6   375   167     210 
113016 19 BC line   3085     34  102     2.3   367   168     217 
113017 20 BC line   3077     32    92     1.8   373   170     214 
113006 21 BC line   2987     33    95     2.3   371   165     207 
113015 22 BC line   2985     34  100     1.9   377   159     217 
113020 23 BC line   2980     33    94     2.2   385   161     212 
113018 24 BC line   2978     33    98     2.6   366   168     216 
113014 25 BC line   2958     31    91     1.8   377   168     211 
113011 26 BC line   2916     34    94     2.1   381   160     210 
113019 27 BC line   2877     32    93     1.8   376   166     201 
            LSD (0.05)#     247       1      4     0.3       5       3         5 
  SEM††    87       0 1 0       2     1    2 
           
  X  BC lines   3090*     32**    95**     2.0**   374ns‡‡   167*     214** 
  IA3027   3237     31    99     2.3   372   168     209 
* Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.01 probability 
level. 
† IA3027= rag1rag1rag2rag2 parent, IA3027RA1= Rag1Rag1rag2rag2 parent, LD05-16521= Rag1Rag1rag2rag2 
parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= Rag1Rag1Rag2Rag2 backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the genotype by environment mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table 2.2.  Entry and type means for agronomic and seed traits of backcross lines, IA2076, and LD08-89051a grown 
at three Iowa environments in 2011. 
Entry Yield Type† Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank  kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
112001 1 BC line        3595 26 88 2.2 342 195 232 
112002 2 BC line        3497 23 90 2.3 345 194 248 
112017 3 LD08-89051a        3461 32   102 2.2 330 186 166 
112015 4 IA2076        3346 23 90 2.1 351 188 253 
112008 5 BC line        3278 27 91 2.0 335 195 232 
112012 6 BC line        3270 33   104 2.4 358 178 228 
112005 7 BC line        3247 15 86 1.7 356 189 222 
112016 8 IA2076        3247 24 87 2.2 351 188 253 
112003 9 BC line        3173 23 86 2.1 336 198 222 
112004 10 BC line        3116 16 85 1.7 356 190 227 
112013 11 BC line        3113 21 86 1.6 367 182 250 
112010 12 BC line        3112 19 90 1.8 347 191 218 
112006 13 BC line        3071 26 95 1.8 345 187 229 
112007 14 BC line        3056 21 94 1.8 353 188 229 
112009 15 BC line        3012 20 88 1.9 340 196 221 
112014 16 BC line        2946 32   105 2.4 352 180 219 
112011 17 BC line        2887 21 87 2.1 344 195 212 
            LSD (0.05)#  322    3   5 0.4     5     3     7 
  SEM††  112    1   2 0     2     1     2 
           X  BC lines        3170ns‡‡     23ns     91ns     2.0ns   348*     190**     228** 
  IA2076        3297 23 88 2.2 351 188 253 
* Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.01 probability 
level. 
† IA2076= rag1rag1rag2rag2 parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= rag1rag1Rag2Rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the genotype by environment mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table 2.3.  Entry and type means for agronomic and seed traits of backcross lines, IA3045, and A08-123074 grown 
at three Iowa environments in 2011. 
Entry Yield Type† Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank  kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
114020 1 BC line 3182 32 106   2.2 366   172 193 
114008 2 BC line 3135 31 104   2.3 376   170 199 
114021 3 BC line 3122 33 103   2.2 369   165 191 
114024 4 BC line 3107 34 106   2.4 370   166 194 
114012 5 BC line 3092 33 105   2.4 382   165 209 
114028 6 A08-123074 3066 33   93   2.1 364   167 206 
114007 7 BC line 3058 32 103   1.9 372   168 202 
114027 8 IA3045 3042 32 106   2.5 375   168 205 
114026 9 IA3045 3025 32 108   2.1 379   167 207 
114022 10 BC line 3023 32 103   2.2 375   165 193 
114005 11 BC line 3009 31 103   2.0 368   171 191 
114001 12 BC line 2997 32 105   2.4 378   167 208 
114023 13 BC line 2984 33 106   2.3 375   164 195 
114006 14 BC line 2956 32 103   2.2 379   168 214 
114002 15 BC line 2934 33 109   2.3 379   165 205 
114025 16 BC line 2922 33 108   2.4 373   166 197 
114004 17 BC line 2908 32 104   2.2 370   169 200 
114019 18 BC line 2887 33   99   2.7 385   154 188 
114003 19 BC line 2878 33 104   2.4 378   166 204 
114011 20 BC line 2855 34 105   2.6 372   166 198 
114014 21 BC line 2829 33 107   2.2 376   165 208 
114015 22 BC line 2823 33 101   2.3 382   164 219 
114010 23 BC line 2822 34 108   2.3 378   163 203 
114016 24 BC line 2816 34   99   2.7 377   164 203 
114009 25 BC line 2783 33 108   2.2 385   159 211 
114013 26 BC line 2719 33 105   2.4 374   168 212 
114018 27 BC line 2651 33 100   2.7 382   163 202 
114017 28 BC line 2629 34       93   2.8 384   156 194 
            LSD (0.05)#   267   1    4   0.4     5       2          7 
  SEM††   106   0    1      0     2   1      8 
           X  BC lines 2929*     33**     104**   2.4ns‡‡    376ns   165**     201** 
  IA3045 3090      32 107   2.3     377   167      206 
* Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.01 probability 
level. 
† IA3045= rag1rag1rag2rag2 parent, A08-123074= Rag1Rag1rag2rag2 parent, and BC line= Rag1Rag1rag2rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the genotype by environment mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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CHAPTER 3 
 
INHERITANCE AND MOLECULAR MAPPING OF AN ALLELE PROVIDING 
COWPEA MILD MOTTLE VIRUS-LIKE RESISTANCE IN SOYBEAN 
 
Abstract 
 Damage to soybean [Glycine max (L.) Merr.] from Cowpea mild mottle virus-like 
infection (CPMMV-L) (family: Betaflexiviridae, genus: Carlavirus) has been of increasing 
concern in Argentina, Brazil, Mexico, and  Puerto Rico.  Soybean cultivars and lines differing in 
their reaction to the virus have been identified.  The first objective of our study was to determine 
the genetic basis of resistance and susceptibility of F1 plants and 100 F2-derived lines from the 
cross of 'IA3023' (resistant) × 'IA3024' (susceptible) using natural field infection in Puerto Rico 
and Mexico during 2011.  All of the F1 plants were susceptible, and the segregation of F2-derived 
lines satisfactorily fit a ratio of 3 susceptible:1 resistant, indicating that resistance was controlled 
by a recessive allele at a single locus.  The second objective of our study was to determine the 
genetic location of the locus by genotyping 93 of the F2-derived lines.  The molecular analysis 
identified a locus on chromosome 18 (Linkage group G) at the same estimated genetic position 
of the marker BARCSOYSSR_18_0443 (89.8 cM).  The locus was flanked by 
BARCSOYSSR_18_0456 (88.6 cM) and BARCSOYSSR_18_0458 (91.0 cM).  The locus was 
designated Rbc1 and the resistance allele in IA3023 was identified as rbc1.  Markers tightly 
linked to the Rbc1 locus can be used to select resistant progeny in segregating populations from 
crosses between resistant and susceptible parents. 
32 
 
3
2
 
Introduction 
Soybean [Glycine max (L.) Merr.] production in Argentina, Brazil, Mexico, and Puerto 
Rico is subject to yield losses caused by Cowpea mild mottle virus-like (CPMMV-L) infection 
(family: Betaflexiviridae, genus: Carlavirus) (Jeyanandarajah and Brunt, 1993; Almeida et al., 
2005; Laguna et al., 2006; King et al., 2012).  In some areas of these countries, damage is so 
severe that soybeans are no longer grown commercially (Alejandro O. Corona, INIFAP, personal 
communication, 2010).  Although the virus is not currently of economic importance for soybean 
production in the continental United States, it is a problem for private and public institutions that 
conduct soybean breeding research in nurseries located outside the continental United States, 
including Puerto Rico and Mexico.  It is a common practice at these locations to grow soybean 
germplasm under artificial lights to extend the day length.   This practice generates suitable 
flowers for crossing and increases seed production of plants.  However, the lights attract the 
whitefly (Bemisia tabaci), which is responsible for transmitting the virus from other crops to 
soybean (Jones, 2003).  Plants that are susceptible to the virus can be killed or severely damaged 
to the point that no useful seed is obtained (Almeida et al., 2005).  As a result, some crosses 
cannot be made and hybrid plants needed to form breeding populations may not produce viable 
seed. 
Muniyappa and Reddy (1983) reported that whiteflies transmitted the virus in a non-
persistent manner with acquisition periods ≤20 min.  When at least five whiteflies were used to 
transmit the virus, a transmission efficiency up to 90% was obtained.  Almeida et al. (2005) 
reported that the virus was transmitted by whiteflies (Bemisia tabaci), but not aphids (Myzus 
persicae and Uroleucon ambrosiae).  Depending on the time of infection, the virus caused plant 
death, stunting, or irregular pod and seed fill development in Brazil (Almeida et al., 2005).  
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Viteri (2008) reported that in Puerto Rico CPMMV-L symptoms were leaf vein blackening at the 
V3 developmental stage (Fehr et al., 1971), followed by apical necrosis, leaf rugosity, and stem 
blackening. 
Cultivars and lines differ in their resistance to CPMMV-L symptoms (Almeida et al., 
2005; Viteri, 2008).  The inheritance and molecular basis of resistance in soybean to the virus is 
not known.  The objectives of this study were to determine the genetic basis of differences in the 
resistance and susceptibility of soybean cultivars and to identify the genetic location of factors 
controlling CPMMV-L resistance in soybean. 
Literature Review 
Symptoms 
Almeida et al. (2005) reported plants with CPMMV-L symptoms in West Central Brazil 
during the 2000-2001 growing season.  Infected plants had stem necrosis and dwarfing.  These 
symptoms were initially thought to be due to a fungal pathogen, but later efforts were 
unsuccessful for isolating it from roots and necrotic stems.  An outbreak occurred the next 
growing season, but this time it was in other regions up to 2,000 km from the previous season’s 
infection site.  They grafted infected samples to the cultivar Embrapa 63.  Symptoms of mosaic, 
dwarfing, and bud blight occurred on Embrapa 63, indicating probable viral etiology. 
Viteri (2008) reported the presence of plants with CPMMV-L symptoms in Puerto Rico 
in 2007.  Initial symptoms observed were blackening of leaf veins at the V3 developmental 
stage, followed by interveinal chlorosis.  Other symptoms observed were blackening and 
necrosis of stems, and mosaic, wrinkling, and yellowing of leaves.  Depending upon the time of 
infection, the virus can cause plant death, stunting, or irregular pod and seed fill development 
(Almeida et al., 2005; Viteri, 2008).   
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Identification 
           Naidu et al. (1998) evaluated two isolates identified as CPMMV-S and CPMMV-M, for 
genomic organization.  They reported that both isolates were most closely related to the genus 
Carlavirus and shared 70% sequence identity with each other.  They indicated that the coat 
protein amino acid sequences of the two isolates were 93% identical with other regions having 
less similarity.   
Almeida et al. (2005) used symptomatic leaves from the cultivar Embrapa 63 to purify 
the virus, and used sodium dodecyl sulfate-polyacrilamide gel electrophoresis (SDS-PAGE) to 
determine its molecular weight.  The SDS-PAGE analysis indicated the presence of a single 
protein that had a relative molecular weight of 30.12 ± 1.85 kDa.  This was similar to the 34 kDa 
reported by Foster and Taylor (1998) for plant viruses of the Carlavirus genus.  Immunosorbent 
electron microscopy identified the presence of 15nm x 600-700 nm flexuous particles in 
naturally and experimentally infected plants.  The flexuous particles were found in the cytoplasm 
and formed feather-like inclusions similar to those caused by Cowpea mild mottle virus 
(CPMMV) described by Brunt et al. (1983).  When comparing a 130 base pair segment of the 
virus to the sequence of CPMMV, they found it to be 84.8% similar.  They suggested that the 
virus is an isolate of CPMMV or a new closely related specie and was referred to as CPMMV-S 
(Almeida et al., 2005).  
Transmission 
Muniyappa and Reddy (1983) tested the ability of CpMMV to be transmitted by 
whiteflies.  They indicated that a single adult whitefly was capable of up to 30% transmission 
efficiency to the soybean cultivar Hardee.  A maximum transmission of 90% was observed when 
using ≥5 whiteflies.  They concluded that CpMMV was transmitted by whiteflies in a non-
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persistent manner, which indicated that the virus was only transmitted with short acquisition and 
inoculation periods.  The virus was retained by whiteflies for a maximum of 20 min, a time much 
shorter than other whitefly transmitted viruses (Bird and Maramorosch, 1978). 
Almeida et al. (2005) used infected leaves with mosaic symptoms to mechanically 
inoculate uninfected plants.  The inoculum consisted of 1 g of ground leaf tissue to 5 ml of a 
0.01M sodium phosphate buffer.  To mechanically inoculate, fine charcoal was sprinkled on the 
leaves, followed by rubbing the inoculum on the leaves.  They reported that the virus was sap-
transmitted and reproduced mosaic, bud blight, and dwarfing symptoms.  Stem necrosis did not 
occur as frequently as in the field when using mechanical inoculation.   
Almeida et al. (2005) also used aphids (Myzus persicae and Uroleucon ambrosiae) and 
whiteflies (Bemisia tabaci biotype B) to inoculate CPMMV on uninfected plants of cultivars 
Embrapa 63 and CD-206.  Aphids were starved for 1 min, transferred to an infected plant, and 
five were placed on individual plants for 3, 24, and 48 h.  They reported that whiteflies were 
65% efficient for causing infection, while aphids were not able to transfer the virus.  Although 
the virus has been reported to be seed transmitted in soybean and cowpea (Vigna unguiculata) by 
Brunt and Kenten (1973), they indicated that seed transmission by soybean was not observed.  
Tavassoli et al. (2008) also reported that the virus was not able to be seed transmitted by 
soybean. 
 Viteri (2008) used mechanical inoculation, grafts, and whiteflies to infect the line 2053A 
(Monsanto, St. Louis, MO) with the virus producing CPMMV-L symptoms.  Mechanical 
inoculation was performed with an inoculum composed of 1 g infected tissue and 5 ml 0.02M 
phosphate buffer.  Carborundum was sprinkled on the fully expanded unifoliates and inoculum 
was rubbed on these leaves.  Inoculations made by grafting were done by using infected plants in 
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the R2 developmental stage of the 2053A line.  The infected tissue was grafted on to healthy 
plants in the V2 and V3 developmental stage (Fehr et al., 1971) and maintained in a greenhouse.  
Inoculations by whiteflies were performed by transferring 50 whiteflies to an infected plant in a 
60 cm x 30 cm x 20 cm box for 24 h.  The infected plants were at the R5 developmental stage 
(Fehr et al., 1971) from the 2053A line.  Uninfected plants at the V2 developmental stage (Fehr 
et al., 1971) were placed in the box with whiteflies and infected plants until symptoms 
developed.  They concluded that the virus was most readily transmitted by whiteflies, followed 
by grafting and mechanical inoculation. 
Occurrence of the whitefly (Bemisia tabaci, biotype B)   
 The whitefly (biotype B) was first identified in the Americas in the mid- 1980’s, and 
speculated to have originated from Asia (Botha et al., 2007).  Since then it has spread to 
Australia, United States, Turkey, and Brazil (Lima et al., 2002; McKenzie et al., 2004; Botha et 
al., 2007; Gulluoglu et al., 2010).  The whitefly (biotype B) has been given many names, such as 
the sweet-potato whitefly, silverleaf whitefly, poinsettia whitefly, and cassava whitefly (Perring 
et al., 1993).  It is believed that the global distribution of the whitefly and international transfer 
of plant materials containing whiteflies is a major factor for the increase of whitefly-transmitted 
viruses throughout the world (De Barro, 1995). 
During 1991 in the United States, the whitefly became known as the “superbug” due to 
its severe damage to cotton [Gossypium hirsutum L.].  In 1993, it was estimated that $500 
million was lost annually in the United States to the whitefly (biotype B) (Perring et al., 1993).  
The whitefly is very similar to the soybean aphid in that it causes damage by feeding on phloem 
from the plant and excretes honeydew on the leaf surface.  This causes growth of a sooty mold 
that inhibits photosynthesis (Gulluoglu et al., 2010).  Besides direct damage, the whitefly causes 
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indirect damage by transmission of viruses.  Whiteflies have been reported to transmit up to 111 
different plant viruses, including CPMMV in soybean (Jones, 2003). 
 Control of the whitefly by the use of insecticides such as organophosphates and 
pyrethroids were initially successful.  Intense cropping systems have caused the whitefly to 
quickly form resistance to most registered insecticides (Botha et al., 2007).  Resistant soybean 
cultivars to the whitefly (biotype B) have been identified, and are currently being evaluated to 
determine the inheritance and genetic basis of resistance (Gulluoglu et al., 2010; Perez-Sackett et 
al., 2011). 
Materials and Methods 
Population development 
In November 2008 near Santa Isabel, PR, the cultivar IA3023 was identified as resistant 
and IA3024 as susceptible to CPMMV-L symptoms.  IA3023 is a high-yielding commodity 
cultivar and IA3024 is a 1%-linolenate cultivar containing the fan1(A5), fan2(A23), and 
fan3(A26) alleles (Hammond and Fehr, 1983; Fehr et al., 1992; Fehr and Hammond, 2000).  
Both cultivars were developed at Iowa State University. 
The cross IA3023 x IA3024 was made at the 3
rd
 Millennium Genetics (3MG) research 
station near Santa Isabel, PR in January 2009 to obtain F1 seed.  IA3023, IA3024, and six F1 
seeds were planted in May 2009 at the Agricultural Engineering and Agronomy Research Center 
near Ames, IA.  The cross of IA3023 x IA3024 was remade at Ames to obtain additional F1 
seeds for phenotyping in Puerto Rico during February 2011.  DNA marker analysis performed by 
the Iowa State University DNA Facility identified three hybrid plants.  The F1 plants were 
harvested individually and reconfirmed as hybrids by analyzing segregation for linolenic acid 
among 10 individual F2 seeds from each F1 plant using gas chromatography as described by 
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Hammond (1991).  One F1 plant with 627 F2 seeds was chosen to develop the F2 mapping 
population. 
 On 20 May 2010 at the Agricultural Engineering and Agronomy Research Center near 
Ames, IA, 300 F2 seeds and 20 seeds of each parent, IA3023 and IA3024; the resistant checks, 
'IA1024', 'IA2079', and 'IA3041'; and the susceptible checks, 'IA2053', 'IA3026', and A07-
621062 were hand-planted at seven seeds m
-1
.  Checks were previously identified as resistant or 
susceptible based on their response to multiple seasons of CPMMV-L symptoms in the winter 
nurseries of Iowa State University in Puerto Rico.  A total of 264 F2 plants and eight plants of 
each parent and check were identified by a tag with a unique number.  A single trifoliate was 
harvested from each of the F2 plants and eight plants of a parent and check.  Two tissue samples 
were taken from each F2 plant by placing eight 0.5 cm leaf discs in two lyophilization tubes.  
Tissue samples of the parents and checks were a bulk of eight leaf discs taken from the eight 
individual plants.  Tissue samples were lyophilized for 24 h and stored in a -20
o
C freezer.  All of 
the tagged plants were individually harvested.  For progeny testing and genotyping, 100 random 
F2 plants were chosen from those that produced ≥250 seeds. 
A phytosanitary field inspection from the May 2010 planting near Ames indicated that 
10% of the plants were infected with purple seed stain (Cercospora kikuchii), which is greater 
than the 2% limit for seed being sent to Mexico.  For this reason, seed obtained at Iowa in 2010 
could not be used for experiments in Mexico; therefore, the parents, checks, and F2:3 lines were 
planted at 3MG in Puerto Rico during October 2010 to obtain seed for testing in Puerto Vallarta, 
Mexico.  The 100 F2:3 lines, parents, and checks were planted in rows 1.2 m long with 24 seeds.  
The level of CPMMV-L symptoms on IA3024, the susceptible checks, and any of the F2:3 lines 
during the growing season was insufficient to be of value for phenotypic classification of 
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resistance or susceptibility.  Each F2:3 line, parent, and check were harvested individually in bulk 
and the F4 seed was used for progeny testing in Puerto Vallarta, Mexico.  The F3 seed of the F2 
plants and the seed of the parents and checks obtained in Iowa during 2011 was used for progeny 
testing in Santa Isabel, PR, during February 2011. 
Mechanical inoculation 
In August 2010 at the Pioneer Hi-Bred Inc. (Johnston, IA) Research Center near Salinas, 
PR, the parents IA3023 and IA3024, and the checks IA1024, IA2053, IA3041, IA3026, IA2079, 
and A07-621062 were hand-planted to evaluate the effectiveness of mechanically inoculating the 
virus which produces CPMMV-L symptoms.  Each parent and check had 25 seeds hand planted 
in the field at 13 seeds m
-1
.  Mechanical inoculations began early in the morning to avoid 
inoculating plants that were heat stressed.  A fully expanded unifoliate leaf of each plant within a 
plot was mechanically inoculated with the virus on 14 August and the other unifoliate on 15 
August.  Inoculum used in the experiment was taken from leaf tissue present in the field with 
CPMMV-L symptoms.  Presence of the virus in CPMMV-L symptomatic plant tissue was 
confirmed by Pioneer Hi-Bred with reverse transcription-polymerase chain reaction (RT-PCR).  
Inoculum was made by grinding 1 g of infected leaf tissue in 5 mL of 0.05M potassium 
phosphate buffer.  Carborundum was sprinkled on a unifoliate leaf using an Erlenmeyer flask 
filled with carborundum and covered with five layers of cheese cloth,  A forefinger was wrapped 
in cheese cloth, dipped into the inoculum, and  rubbed hard on a unifoliate leaf, but not so hard 
that it tore the leaf eight times.  The plants were monitored throughout the growing season for 
CPMMV-L symptoms, but none were observed.  For this reason, natural infection of the virus 
was relied on to collect phenotypic data for the study. 
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Field evaluation 
 Incidence data for CPMMV-L symptoms were collected in 2011 at 3MG near Santa 
Isabel, PR and at the research station of Pioneer Hi-Bred International Inc. (Johnston, IA) near 
Puerto Vallarta, Mexico.  The experiment consisted of 100 F2-derived lines, the parents IA3023 
and IA3024, the resistant checks IA1024, IA3041, and IA2079, and the susceptible checks 
IA2053, IA3026, and A07-621062.  Three replications of the experiment were planted in Puerto 
Rico on 2 February and two replications in Mexico on 18 March.  The soil type at 3MG in Puerto 
Rico is a Constancia silty clay (fine, smectitic, isohyperthermic Aeric Calciaquolls) and at 
Pioneer Hi-Bred in Mexico is a sandy loam (Inceptisol).  Entries were planted in single plots 1.2 
m long with a row spacing of 0.76 m.  The seeding rate was 20 seeds m
-1
.  Incidence of 
CPMMV-L symptoms was phenotypically evaluated as the number of plants plot
-1
 infected at the 
R6 developmental stage (Fehr et al., 1971) divided by the total number of plants plot
-1
.  Stem 
blackening, apical necrosis, and irregular seed fill described by Almeida et al. (2005) and Viteri (2008) 
were the symptoms used to identify symptomatic plants. 
 F1 seeds obtained in Iowa during 2009 also were planted at 3MG in February 2011 to 
evaluate gene action for resistance to CPMMV-L symptoms.  There were 10 F1 seeds planted in 
each of three rows 1.2 m long.  There were 19 F1 plants confirmed with the marker for fan3(A26) 
(Bilyeu et al., 2006) and evaluated for CPMMV-L symptoms at the R6 developmental stage 
(Fehr et al., 1971). 
 In addition to incidence data collected in Mexico on CPMMV-L symptoms, the parents 
also were evaluated for whitefly nymph densities to ensure that differences among lines for 
incidence of CPMMV-L symptoms were not due to resistance to the whitefly.  Whitefly nymph 
density was evaluated once a week during the R5 to R6 developmental stages (Fehr et al., 1971) 
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by counting the number of immature whiteflies on the uppermost trifoliate of five random plants 
plot
-1
 (Perez-Sackett et al., 2011). 
Incidence data of CPMMV-L symptoms were analyzed as a randomized complete-block 
design using the general linear model (GLM) procedure of SAS version 9.2 (SAS Institute, 
2008).  Environments, replications, and genotypes were considered random.  The means squares 
for each main effect were tested for significance by its interaction with the environment by an F-
test (Lorenzen and Anderson, 1993).  The first analysis of variance included the F2-derived lines, 
IA3023, and IA3024.  The genotype by environment interaction means squares was used as the 
error term to calculate the least significant difference (LSD) at the 0.05 probability level for 
classifying F2-derived lines as resistant or susceptible relative to their resistant or susceptible 
parent (Fisher, 1949).  The observed number of resistant and susceptible lines was tested for 
goodness of fit with different genetic ratios using a Chi-square test (Pearson, 1900).  A second 
analysis of variance was performed with only the F2-derived lines that had been previously 
classified as resistant or susceptible.  The sums of squares for genotypes were partitioned into 
variation among resistant lines, susceptible lines, and the orthogonal contrast between the two 
types.  The correlation coefficient for incidence of CPMMV-L symptoms at Puerto Rico and 
Mexico was calculated with the correlation procedure (CORR) of SAS (SAS Institute, 2008) on 
the basis of the mean incidence of lines at each location. 
Marker analysis 
 Genomic DNA was extracted from lyophilized leaf tissue by the Iowa State University 
DNA Facility using an AutoGenPrep 740 DNA Extraction Instrument (Autogen, Holliston, MA).  
Genomic DNA was quantified using a ND-1000 Spectrophotometer (NanoDrop Technologies, 
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Wilmington, DE) and diluted to 100 ng µL
-1
 for genotyping with a GoldenGate assay (Illumina, 
San Diego, CA) and 30 ng µL
-1
 for simple sequence repeat (SSR) genotyping. 
 DNA samples of IA3023, IA3024, one F1 plant, and 93 F2 plants that had been progeny 
tested for incidence of CPMMV-L symptoms were genotyped with 1,536 single nucleotide 
polymorphisms (SNP) by the laboratory of Perry Cregan at the USDA Beltsville, MD 
Agricultural Research Center.  DNA samples were genotyped for the SNPs using a GoldenGate 
assay as described by Hyten et al. (2010). 
Genetic mapping 
 Genotype results from the GoldenGate assay (Hyten et al., 2010) identified 415 
polymorphic SNP markers.  Polymorphic markers were analyzed with MapMaker 3.0 to 
construct linkage groups at a logarithm of the odds (LOD) of 3.0 based on the Kosambi function 
(Lander et al., 1987).  Quantitative trait locus (QTL) positions were estimated with Windows 
QTL Cartographer 2.5 (Wang et al., 2011).  Forward and backward regression was used with a 
walk speed of 1 cM.  The standard model six for composite interval mapping, with a window 
size of 10 cM and five markers to control for genetic background, was used.  The LOD threshold 
was based on 1000 permutations at the 0.05 probability level. 
 Results from Windows QTL Cartographer identified a single candidate region 
significantly associated with CPMMV-L resistance.  Additional genotyping was performed on 
the 96 DNA samples by screening 60 SSR markers in the candidate region for polymorphism.  
Forward and reverse primers for the SSR markers were obtained from Song et al. (2010).  
Polymerase chain reaction (PCR) was done in 10 µL volumes with 30 ng of genomic DNA, 0.5 
µM of each primer, 0.2 mM of each dNTP, 5% DMSO, 1X Titanium Taq buffer, and 0.2X 
Titanium Taq polymerase (Clontech Laboratories, Mountain View, CA).  Touchdown PCR was 
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performed using the following conditions: 95
o
C for 5 min, followed by 15 cycles of 95
o
C for 30 
sec, 63
o
C for 30 sec decreasing 0.5
o
C each cycle, 72
o
C for 30 sec, followed by 30 cycles of 95
o
C 
for 30 sec, 55
o
C for 30 sec, 72
o
C for 30 sec, followed by 72
o
C for 7 min and holding at 4
o
C.  
PCR products were evaluated by electrophoresis on 6% polyacrylamide gels as described by 
Wang et al. (2003). 
 Genotype results from the 15 polymorphic SSR markers in the candidate region were 
combined with the 415 polymorphic SNPs.  The combined marker data were evaluated with 
MapMaker 3.0 and Windows QTL Cartographer 2.5 as previously described to estimate the 
position of the locus and its 95% (LOD1) and 99% (LOD2) confidence intervals (Lander et al., 
1987; Wang et al., 2011). 
 To identify candidate genes within the LOD2 interval of the locus, marker information 
was used to query the SoyBase genome browser (www.soybase.org/genome).  There were 599 
genes from Glyma18g09330 to Glyma18g10200 within the region.  BLASTP (Altschul et al., 
1997) was used to compare the predicted protein sequences of these genes to the Uniref100 
protein database (E< 10
-4
) (Apweiller et al., 2004).  The top three BLAST hits were selected, 
ignoring predicted, putative, and hypothetical annotations. 
Results and Discussion 
 Evaluation of whitefly nymph density in Mexico indicated that the resistant parent, 
IA3023, had a mean of six whiteflies trifoliate
-1
, and that the susceptible parent, IA3024, had a 
mean of two whiteflies trifoliate
-1
.  Therefore, differences in incidence of CPMMV-L symptoms 
among the parents and F2-derived lines were not attributed to the whitefly’s ability to transmit 
the virus (Table B8). 
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Mean incidence of CPMMV-L symptoms on IA3024 was 53% in Puerto Rico and 70% in 
Mexico, while that on IA3023 was 0% in Puerto Rico and 7% in Mexico (Table B7).  The 
genotype by environment interaction for the F2-derived lines was not significant based on the 
analysis of variance (Table B2).  There was a significant (P < 0.01) phenotypic correlation of 
0.69 between the mean incidence of the lines in Puerto Rico and Mexico for CPMMV-L 
symptoms.  The lack of a significant genotype by environment interaction and a significant 
correlation among locations for incidence indicates that replication at only one of the 
environments would have been sufficient to identify CPMMV-L resistant genotypes. 
 Of the 100 F2-derived lines phenotyped, 24 were classified as resistant and 76 as 
susceptible (Table 3.1).  A separation in the distribution of resistant and susceptible lines 
occurred from 26-37% incidence (Table 3.1 and Fig. 3.1).  The mean incidence of CPMMV-L 
symptoms in resistant F2-derived lines was significantly less than that in susceptible lines.  There 
was significant variation in incidence of CPMMV-L symptoms among susceptible lines, but not 
among resistant lines (Table 3.1).  The continuous distribution of lines from 38-88% incidence 
did not allow classification of heterogeneous and homogeneous susceptible lines (Fig. 3.1).  The 
segregation satisfactorily fit a phenotypic ratio of 3 susceptible to 1 resistant with a Chi-square 
value of 0.05 (P = 0.82) (Table 3.1).  The segregation indicated that CPMMV-L resistance was 
controlled by a recessive allele at a single locus.  All 19 of the F1 plants exhibited CPMMV-L 
symptoms.  This also indicated that the genetic factor controlling resistance was recessive to the 
wild-type allele for susceptibility.  This locus was designated Rbc1 as the first locus associated 
with resistance to CPMMV-L symptoms (family: Betaflexiviridae, genus: Carlavirus).  The 
recessive allele at the locus was designated rbc1. 
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The QTL analysis identified a single significant QTL (LOD = 35.5) associated with 
CPMMV-L resistance on chromosome 18 (LG G) (Fig. 3.2).  Although the LOD threshold (P ≤ 
0.05) determined by permutation tests was 10.2, only the locus on chromosome 18 had a LOD 
value greater than 3.0.  The estimated position of the locus was 89.8 cM, the same position of the 
SSR marker BARCSOYSSR_18_0443 (Fig. 3.2).  This position occurs in a 2.4 cM interval 
flanked by SSR markers BARCSOYSSR_18_0456 (88.6 cM) and BARCSOYSSR_18_0458 
(91.0 cM) (Fig. 3.2).  The estimated LOD1 interval was 89.3 to 91.6 cM and LOD2 interval was 
88.8 to 91.7 cM.  The R
2
 value indicated that the rbc1 allele explained 62.2% of the variation in 
incidence of CPMMV-L symptoms. 
BARCSOYSSR_18_0443 was used to evaluate the effectiveness of marker-assisted 
selection for the rbc1 allele.  IA3023 produced two bands that were distinguishable from the two 
bands in IA3024.   Lines derived from F2 plants that were homozygous for the SSR of IA3023 
had a mean incidence of 7% and a range of 0-25%, the heterozygotes had a mean incidence of 
52% and range of 38-73%, and those that were homozygous for the SSR of IA3024 had a mean 
incidence of 70% and range of 49-88% for CPMMV-L symptoms.  This indicated that molecular 
markers tightly linked to the rbc1 allele would be useful for selecting CPMMV-L resistant 
progeny in segregating populations from crosses between resistant and susceptible parents. 
Previous studies have identified QTL for soybean cyst nematode (Heterodera glycines), 
root-knot nematode (Meloidogyne incognita), and white mold (Sclerotinia sclerotiorum) 
resistance near the region identified for CPMMV-L resistance in my study (Tamulonis et al., 
1997; Arahana et al., 2001; Yue et al., 2001).  Inheritance of these QTL was not determined to be 
recessive, indicating they are controlled by different alleles or loci than that of rbc1.   
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Truniger and Aranda (2009) reported that all recessive virus resistance genes in plants 
that have been cloned are encoded by translation initiation factors of the 4E and 4G families.  
Plant viruses are able to utilize plant-derived translation initiation factors to multiply and move 
cell-to-cell.  Based on BLAST analyses of the reference genome ‘Williams 82’, no translation 
initiation factors were present within the LOD2 interval of the Rbc1 locus.  However, a 
translation initiation factor could be present in this region for the resistant parent IA3023.  
Alternatively, CPMMV-L resistance could be controlled by a gene not previously associated 
with recessive virus resistance.  Future research should be conducted to determine the 
mechanism of CPMMV-L resistance due to the rbc1 allele. 
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Table 3.1. Mean, range, and phenotypic classification of 100 F2-derived soybean lines, IA3023, 
and IA3024 grown at Puerto Vallarta, Mexico, and Santa Isabel, Puerto Rico, in 2011.  
 Incidence‡   
Type† Mean Range Observed§ Expected (3:1) 
 % % no. no. 
Resistant       7**    0-25ns¶ 24 25 
Susceptible     57  38-88** 76 75 
IA3023       3    
IA3024     59    
LSD#     28    
** Significant difference at the 0.01 probability level between the means of the two types or 
among lines within a type. 
† Resistant = resistant F2-derived lines, Susceptible = susceptible F2-derived lines, IA3023 = 
resistant parent, IA3024 = susceptible parent.  
‡ Incidence is based on the percentage of symptomatic plants in a plot. 
§ Observed phenotypic frequency satisfactorily fit the expected 3:1 ratio based on a Chi-square 
test (X
2
 = 0.05, P=0.82). 
¶ ns = differences among lines within a type were not significant at the 0.05 probability level. 
# Least significant difference among lines at the 0.05 probability level. 
 
 
 
 
 
 
Fig. 3.1. Distribution of 100 F2-derived soybean lines from the IA3023 × IA3024 cross based on 
mean incidence of CPMMV-L symptoms in Puerto Rico and Mexico during 2011.  Mean 
incidence of the resistant parent IA3023 was 3% and that of the susceptible parent IA3024 was 
59%. 
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Fig 3.2. Genetic position of the rbc1 allele on chromosome 18 (LG G) and the associated LOD 
score plot from composite interval mapping of 93 F2 plants from the IA3023 × IA3024 cross.  
Values on the right side of the chromosome are map distances in cM.  Solid lines on the 
chromosome with no values associated with them are positions of additional polymorphic 
markers used to genotype F2 plants.  The dashed line in the LOD plot indicates the LOD 
threshold of 10.2. 
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CHAPTER 4 
MODIFYING GENES FOR PALMITATE AND STEARATE CONCENTRATION 
IMPACT SELECTION FOR LOW-PHYTATE, LOW-SATURATE SOYBEAN LINES  
 
Abstract 
 Development of soybean [Glycine max (L.) Merr.] cultivars with low phytate (LP) and 
low saturated fatty esters (LS) would add value to both the meal and the oil.  One of the 
challenges in breeding for the two traits has been the lack of LP parents with <70 g kg
-1
 palmitate 
plus stearate (saturate) concentration.  The LP line A38 developed at Iowa State University was 
the first line identified with a saturate concentration <70 g kg
-1
 in multiple environments.  The 
objective of this study was to determine if the LS in A38 was due to breakage of linkages 
between the lpa1 and lpa2 alleles and genes for elevated saturates that interacted epistatically or 
to the accumulation of favorable modifying genes for LS concentration.   Three populations were 
made by crossing A38 to three LS cultivars with normal phytate (NP).  The F2 plants were 
genotyped for the Lpa and lpa alleles, harvested individually, and evaluated for fatty ester 
composition.  The mean saturate concentrations of the LP individuals were significantly greater 
than NP individuals.  The frequency of LP lines with a saturate concentration ≤70 g kg-1 was 
greater than previously reported in populations in which LP parents had a saturate concentration 
>70 g kg
-1
.  The LS concentration of A38 was attributed to favorable modifying genes for LS 
concentration.  Use of LP and NP parent lines with a saturate concentration <70 g kg
-1 
would 
improve the frequency of LP,LS progeny.  
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Introduction 
   Soybean [Glycine max (L.) Merr.] meal is a major component of livestock feed and the 
oil is important for the human diet.  The meal is a primary source of protein and provides some 
of the essential minerals for the animal ration.  The phosphorus (P) in a conventional soybean is 
composed of 71% phytate P, 4% inorganic P, and 25% P in molecules including RNA, DNA, 
protein, lipids, and starches (Oltmans et al., 2005).  Monogastric organisms, such as humans, 
poultry, and swine, are not able to effectively utilize the P in phytate (myo-inositol-1, 2, 3, 4, 5, 
6-hexakisphospate) because they lack sufficient amounts of the phytase enzyme needed to break 
it down (Dilger and Adeola, 2006).  To increase the availability of P in soybean meal, soybean 
breeders have been trying to develop cultivars with low phytate (LP).  
CX1834-1-6, the line used as the source of LP for the breeding program at Iowa State 
University, was developed by Wilcox et al. (2000).  Oltmans et al. (2004) reported that the LP 
trait in CX1834-1-6 was due to the epistatic interaction of two recessive alleles, pha1 and pha2.  
One of the genes was mapped by Walker et al. (2006) to linkage group N near Satt237 and the 
other to linkage group L near Satt561.  Gillman et al. (2009) characterized the molecular basis of 
the two genes and designated the one on linkage group N as lpa1 and the other on linkage group 
L as lpa2.  They developed functional markers that are useful for determining the genotype of 
individuals for the two alleles in a segregating population.   
 Combining the LP trait with low saturated fatty esters (LS) in the oil would result in 
added value for both the meal and oil (Dilger and Adeola, 2006; Powers et al., 2006; Fehr, 2007; 
Hill et al., 2009).  Three studies have been reported in which the lpa1 and lpa2 alleles for LP 
were combined with the fap1(C1726) (Erickson et al., 1988) and fap3(A22) (Fehr et al., 1991) 
alleles for reduced palmitate that are used in LS cultivars currently grown in the United States 
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(Hulke et al., 2004; Spear and Fehr, 2007; Gill and Fehr, 2011).  All of the studies found that LP 
lines had greater palmitate plus stearate (saturate) concentration than normal-phytate (NP) lines.  
None of LP lines studied by Hulke et al. (2004) or Spear and Fehr (2007) had sufficiently low 
saturates to meet the requirements of the United States Food and Drug Administration (U.S. 
Food and Drug Administration, 2009) for labeling as a low-saturate oil. 
Gill and Fehr (2011) found a low frequency of LP F3 individuals with a saturate 
concentration ≤70 g kg-1 in three populations formed by crossing a LP line with reduced saturate 
concentration to three LS lines.  Their hypothesis was that the LP lines with a saturate 
concentration ≤70 g kg-1 were the result of the accumulation of favorable modifying genes for LS 
concentration.  A38 was identified in 2009 as the first LP line in the breeding program of Iowa 
State University that had a saturate concentration of <70 g kg
-1
 across multiple environments in 
Iowa and Puerto Rico.  A38 was homozygous for the fap1(C1726) and fap3(A22) alleles and had  
a saturate concentration as low as that of NP,LS cultivars grown in the same environments (data 
not shown).  The LS of A38 may have been due to the accumulation of favorable modifying 
genes for LS concentration as proposed by Gill and Fehr (2011).  However, an alternative 
hypothesis could be that genes for elevated saturate concentration linked to both lpa1 and lpa2 
interact epistatically to cause the elevated saturate concentration in LP lines, similar to the 
epistatic interaction between lpa1 and lpa2 that result in the LP phenotype.  Under the alternative 
hypothesis, A38 would have resulted from breakage of the linkage of lpa1 or lpa2 with one or 
more of the genes required for the epistatic interaction that causes elevated saturate concentration 
in LP lines.  The objective of this study was to determine which of the two hypotheses best 
explained the <70 g kg
-1
 saturate concentration of A38.  The results would be useful for 
determining how to increase the frequency of LP,LS lines in breeding populations. 
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Literature Review 
Importance of low-phytate soybeans 
 Soybeans [Glycine max (L.) Merr.] are a major component of livestock feed and 
consumed by many people throughout the world.  Although soybeans provide a major source of 
protein, they also contain 8 mg g
-1
 total phosphorus.  The total phosphorus (P) in conventional 
soybeans is composed of 71% phytate P, 4% inorganic P, and 25% other P contained in RNA, 
DNA, protein, lipids, and starches (Oltmans et al., 2005).  Phytate (myo-inositol-1, 2, 3, 4, 5, 6-
hexakisphospate) binds very efficiently to micronutrients such as zinc, calcium, magnesium, and 
iron, due to its strong negative charge (Erdman, 1979).  Monogastric organisms such as humans, 
poultry, and swine, are not able to utilize phytate P and the micronutrients tightly bound with 
phytate, causing malnutrition and high P concentrations in manure (Dilger and Adeola, 2006; 
Powers et al., 2006; Hill et al., 2009).  Runoff with high concentrations of P contaminates water 
and leads to eutrophication (Pedersen et al., 2002).  Raboy (2007) suggested that the problem 
should be addressed at the source, by developing low-phytate (LP) soybeans.  Total P in LP 
soybean lines has been reported to be composed of 25% phytate P, 38% inorganic P, and 37% 
other P (Oltmans et al., 2005). 
Dilger and Adeola (2006) estimated the true P digestibility and endogenous P loss in 
growing pigs fed conventional and LP soybean meal.  They evaluated 16 barrows with a 
surgically placed T-cannula attached to the end of the small intestine.  The barrows were fed four 
conventional and four LP soybean meal diets.  The four diets of each type contained increasing 
amounts of the soybean meal.  Barrows were fed the diets for 7 d with fresh fecal samples taken 
on day 5 and digested material taken from the T-cannula on day  6 and 7.  They reported that 
total P digested was significantly greater by 18.1% for barrows fed LP soybean meal compared 
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to conventional soybean meal.  They indicated that the increased digestibility of P from LP 
soybean meal may help reduce environmental impacts caused by swine production. 
Powers et al. (2006) measured the total and water-soluble P excreted from pigs fed LP 
soybean meal from the soybean line CX1834-1-6 developed by the United States Department of 
Agriculture (USDA) in West Lafayette, IN.  Their experiment consisted of 96 barrows, four 
barrows per pen, six replications, and four diets (conventional soybean meal, LP soybean meal, 
each with and without phytase).  On day 6 and 14, urine and fecal samples were taken.  They 
reported that digestibility of P was significantly greater by 6.5% for LP soybean meal compared 
to conventional soybean meal, and by 2.7% for supplemental phytase compared to no 
supplemental phytase.  Excretion of total P was decreased by 19% and water-soluble P decreased 
by 17% when barrows were fed LP soybean meal compared to conventional soybean meal.  They 
indicated that soybeans with LP would be beneficial at reducing environmental impacts due to 
swine production. 
Hill et al. (2009) studied the digestibility and excretion of low-phytate soybean meal, 
low-phytic corn, and supplemental phytase in growing pigs. They evaluated eight dietary 
treatments with six pigs per treatment.  The eight treatments consisted of LP corn, normal corn, 
LP soybean meal, normal soybean meal, and their combination with phytase supplement.  The 
treatments were fed for 7 d and excretions were collected for the following 3 d.  They reported 
an increase in P digestibility of 8.4% for LP corn compared to conventional corn meal, 6.1% for 
LP soybean meal compared to conventional soybean meal, and 8.5% for supplemental phytase 
compared to no supplemental phytase.  They concluded that feeding pigs any combination of LP 
corn, LP soybean meal, and phytase supplement significantly increased P digestibility and 
decreased P excretions.    
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Development of low-phytate soybeans 
 There are five reported sources of the LP phenotype in soybean, LR33, Gm-lpa-TW-1, 
Gm-lpa-ZC-2, M153, and M766 (Sebastian et al., 2000; Wilcox et al., 2000; Yuan et al., 2007).  
Sebastian et al. (2000) created the mips allele by chemical mutagenesis with N-nitroso-N-
methylurea (NMU).  They reported that the mips allele was inherited as a single recessive allele 
and resulted in reduced raffinose saccharides and reduced phytate.  Yuan et al. (2007) used 
gamma ray irradiation on the cultivars Taiwan 75 and Zhechun no. 3.  This mutagenesis 
treatment created Gm-lpa-TW-1 and Gm-lpa-ZC-2 that were derived from two M2 plants.  They 
reported that the LP phenotype in each line was inherited as a single recessive allele.  LP in Gm-
lpa-TW-1 was reported to be due to a 2 bp deletion in the MIPS1 gene.  The recessive allele in 
Gm-lpa-ZC-2 was mapped to a 4.62 cM region on linkage group B2 between Satt416 and 
Satt168.  They indicated that Gm-lpa-TW-1 reduced phytic acid by 66.6% and Gm-lpa-ZC-2 
reduced phytic acid by 46.3%. 
 Lines in my study have a low-phytate phenotype due to the mutagenesis of seeds of 
CX1515-4 with ethyl methanesulfonate (EMS) (Wilcox et al., 2000).  Two M2-derived lines with 
reduced phytate were obtained.  M153 had an 80% reduction and M766 had a 76% reduction in 
phytate compared to NP lines (Wilcox et al., 2000).  The cultivar Athow was crossed to M153-1-
4-6-14 at the USDA in West Lafayette, IN, and the LP F3-derived line CX1834-1-6 was selected 
for its high yield. 
 Oltmans et al. (2004) evaluated the inheritance of LP lines from the cross CX1834-1-6 x 
A00-711013.  F2 seeds and F2-derived lines were evaluated for inheritance of the LP trait.  They 
reported that the F2 seeds segregated 197 NP to 13 LP.  This satisfactorily fit a 15:1 ratio.  To 
confirm their results, they evaluated 23 F4 seeds from 210 F2-derived lines.  The lines were 
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scored as homogeneous NP, heterogeneous, or homogeneous LP.  They reported that there were 
86 homogeneous NP, 114 heterogeneous, and 10 homogeneous LP lines.  This satisfactorily fit 
the expected 7:8:1 ratio.  They concluded that the LP trait in CX1834-1-6 was due to two 
recessive alleles, pha1 and pha2, that exhibited duplicate dominant epistasis. 
 Walker et al. (2006) evaluated 226 F2 plants to map the loci responsible for LP in 
CX1834-1-6.  They confirmed the results of Oltmans et al. (2004) that there were two loci with 
an epistatic interaction responsible for the LP phenotype.  They were able to map one locus to 
linkage group N between Satt339 and Satt237, and the other locus to linkage group L between 
Satt527 and Satt561.  These results were further supported by Gao et al. (2008) by using 208 F2:3 
plants of a CX1834-1-6 x V99-3337 population.  Fine mapping of the LP loci in CX1834-1-6 
was performed by Gillman et al. (2009) by using the soybean homologs of the maize lpa1 gene 
to search for candidate genes of the soybean LP trait.  They were able to identify a nonsense 
mutation (A to T) 104,969 bp from Satt237 on linkage group N that results in a truncated protein, 
and a missense mutation (G to A) 254,468 bp from Satt561 on linkage group L in a highly 
conserved region.  Both of these polymorphisms occur in multidrug resistance protein-like genes.  
The missense mutation near Satt237 also was identified by Maroof et al. (2009) independently 
from Gillman et al. (2009).  The pha1 and pha2 alleles previously identified by Oltmans et al. 
(2004) were renamed lpa1 (LG N) and lpa2 (LG L).  The functional markers created by Gillman 
et al. (2009) for these single nucleotide polymorphisms (SNP) were used to genotype individuals 
in my study. 
Influence of the low-phytate trait on soybean performance 
 Multiple studies have evaluated the influence of the LP trait on the performance of 
soybean lines.  Results from these studies have shown that soybean lines with the LP trait are 
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associated with reduced emergence compared to NP lines (Meis et al., 2003; Hulke et al., 2004; 
Oltmans et al., 2005).  Research by Meis et al. (2003) and Anderson and Fehr (2008) reported 
that field emergence of LP soybean lines produced in subtropical environments such as Chile, 
Mexico, and Puerto Rico have reduced emergence compared to seed production in temperate 
environments.  Trimble and Fehr (2010) indicated that multiple seed sources would be needed to 
select LP soybean lines with improved emergence compared to NP lines. 
 Hulke et al. (2004) evaluated the agronomic and seed characteristics of 20 LP BC1F2:3 
lines and 20 NP BC1F2:3 lines with reduced palmitate.  CX1834-1-6 (117 g kg
-1
 palmitate, 57 g 
kg
-1
 stearate, and 174 g kg
-1
 saturates) was the LP donor and B01769B019 (B019) was the NP 
parent with reduced palmitate (34 g kg
-1
 palmitate, 38 g kg
-1
 stearate, 71 g kg
-1
 saturates).  
Reduced palmitate in B019 was due to the fap1(C1726) and fap3(A22) alleles.  BC1F2:3 lines 
with a mean palmitate concentration of <50 g kg
-1
 and homogeneous for NP or LP were used for 
the experiment.  Besides a lower emergence of LP lines compared to NP lines, they also reported 
that the LP lines produced mean palmitate, stearate, and saturate concentrations that were greater 
than the NP lines and B019.  The LP lines had a mean of 37 g kg
-1
 palmitate, 45 g kg
-1
 stearate, 
and 83 g kg
-1
 saturates.  NP lines had a mean of 35 g kg
-1
 palmitate, 41 g kg
-1
 stearate, and 77 g 
kg
-1
 saturates.  Although the differences in mean palmitate, stearate, and saturate concentrations 
between LP and NP lines were not significant, differences between LP lines and B019 were 
significant.  They indicated that there might be one or more modifiers closely linked with one or 
both pha alleles or that one or both pha alleles have a pleiotropic effect on the concentration of 
the saturated fatty esters. 
 Gill and Fehr (2011) evaluated fatty ester concentration of F3 plants and F3:4 lines, and 
inorganic P concentration of F3 plants from three populations.  The populations were created by 
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crossing A08-260001 (74 g kg
-1
 saturates), a LP reduced-saturate parent, to NP low-saturate 
parents IA1025 (63 g kg
-1
 saturates), IA2099 (70 g kg
-1
 saturates), and A07-521055 (65 g kg
-1
 
saturates).  They also evaluated F3:4 lines from two three-way populations from the crosses 
[(A08-260001 x IA2101) x A07-522016] and [(A08-260001 x IA3044) x A07-523018] for their 
fatty ester concentration.  The parents IA2101 (14 g kg
-1
 linolenate), A07-522016 (12 g kg
-1
 
linolenate), IA3044 (12 g kg
-1
 linolenate), and A07-523018 (14 g kg
-1
 linolenate) have a low-
linolenate concentration.  They reported that there was no difference in mean linolenate 
concentration (13g kg
-1
) between the LP F3:4 and NP F3:4 lines from the LP x NP low-linolenate 
crosses.  They found similar results as Walker et al. (2006) and Gillman et al. (2009) for 
inorganic P concentration of the nine possible genotypes.  The homozygous LP F3 plants had the 
greatest inorganic P concentration and the homozygous NP F3 plants had the lowest inorganic P 
concentration.  The mean palmitate, stearate, and saturate concentrations of LP F3 plants and F3:4 
lines were significantly higher than NP plants and lines in all crosses.  LP F3 plants had the 
greatest inorganic P concentration (2.17 to 2.55 mg g
-1
) and lowest percentage (≤13%) of plants 
with ≤70 g kg-1 saturates.  F3 plants not homozygous for LP had significantly lower inorganic P 
concentration (0.21 to 1.06 mg g
-1) and a greater percentage (≤64%) of plants with ≤70 g kg-1 
saturates than LP plants.  Included in their study were the LP, low-saturate (LP,LS) lines A38 
(55 g kg
-1
 saturates and 2.72 mg g
-1
 inorganic P) and A09-960004 (61 g kg
-1
 saturates and 3.41 
mg g
-1
 inorganic P).  These lines had the lowest saturated fatty ester concentration and greatest 
inorganic P concentration compared to any of the parents or checks in the study.  They indicated 
that future research should be conducted to evaluate the role of inorganic P in regulating 
saturated fatty acid concentrations. 
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Importance of soybean oil with low-saturated fatty acids 
 Diets high in saturated fatty acids are associated with an increase in low-density 
lipoprotein cholesterol.  Hu et al. (1997) evaluated 80,082 women over 14 years that were 
between the ages of 34 and 59.  They reported that over the duration of the study, there were 939 
nonfatal and fatal cases of coronary heart disease.  For every 5% increase in intake of saturated 
fatty acids, they reported an associated 17% increase in coronary heart disease.  They concluded 
that replacing saturated and trans unsaturated fats with unhydrogenated monounsaturated and 
polyunsaturated fats would be desirable to decrease the risk of coronary heart disease.  For this 
reason, the United States Food and Drug Administration declared that all food products sold in 
the United States beginning in 2006 must be labeled for their amount of saturated fatty acids 
(U.S. Food and Drug Administration, 2009).  A food product labeled as low in saturated fat must 
have ≤1 g of saturated fat per serving.  Considering that 14 g of soybean oil is a serving, 1 g of 
saturated fat in a serving of soybean oil is equivalent to 7.1%.  When rounding is considered, 
1.25 g or less (8.9%) of soybean oil can be labeled as having 1 g of saturated fat per serving 
(U.S. Food and Drug Administration, 2009). 
 Conventional soybean oil has about 110 g kg
-1
 palmitate (16:0), 40 g kg
-1
 stearate (18:0), 
and 10 g kg
-1
 other saturated fatty esters [myristate (14:0), arachidate (20:0), behenate (22:0), 
and lignocerate (24:0)] (Fehr, 2007).  Due to health concerns and federal regulations, it is 
desirable to reduce saturated fatty esters of soybean oil to <70 g kg
-1
. This also helps to account 
for modifying genes and environmental effects during production (Horejsi et al., 1994; Fehr, 
2007). 
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Inheritance of low-saturated fatty acids 
Multiple alleles have been identified that reduce palmitate and ultimately lead to a 
reduction in saturated fatty esters (Fehr, 2007).  The alleles responsible for reduced palmitate in 
my study are the fap1 allele of C1726 (Erickson et al., 1988) and fap3 allele of A22 (Fehr et al., 
1991).  C1726 was developed by treating seeds of the cultivar Century (115 g kg
-1
 palmitate) 
with EMS.  Erickson et al. (1988) determined that reduced palmitate in C1726 (86 g kg
-1
 
palmitate) was due to a single additive allele they called fap1.  A22 was developed by treating 
seeds of the cultivar A1937 (Asgrow® Seed Company, Dekalb, IL) (121 g kg
-1
 palmitate) with 
N-nitroso-N-methylurea (NMU).  Fehr et al. (1991) determined that reduced palmitate in A22 
(70 g kg
-1
 palmitate) was inherited as a single allele at a different locus than fap1 and exhibited 
additive gene action.  They reported that F3 seeds homozygous for both fap1 and fap3 had a 
mean palmitate concentration of 44 g kg
-1
.  A study by Horejsi et al. (1994) reported the presence 
of modifying genes in soybean lines homogeneous for fap1 and fap3.  They indicated that 
modifying genes should be considered when developing soybean lines with reduced saturated 
fatty esters. 
The first commercially grown cultivar developed for low-saturated fatty esters was 
XB37ZA in 1994 (Fehr and Hammond, 1996).  The oil produced from XB37ZA had 110 g kg
-1
 
saturated fatty esters, and did not meet the standards to be classified as low in saturated fat.  
Although the initial attempt to develop a cultivar with low-saturated fatty esters was not 
successful, Fehr (2007) reported that in 1996 the first low-saturate cultivar was grown 
commercially and its oil was sold in 1997. 
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Materials and Methods 
The LS parents A38, 'IA1025', A08-253041, and A08-253044 were used to develop three 
single-cross populations (Table 4.1).  All parents were homozygous for fap1(C1726) (Erickson et 
al., 1988) and fap3(A22) (Fehr et al., 1991) that reduce palmitate concentration.  The cultivar 
IA1025 and the lines A08-253041 and A08-253044 developed at Iowa State University were 
chosen for their high yield and other desirable agronomic traits.   
 A38 is a BC2F3-derived line selected from the backcross population IA2069(3) x A05-
318020.  The recurrent parent IA2069 is a LS cultivar developed at Iowa State University.  
Development of A05-318020, a BC3F4-derived LP line with reduced saturate concentration, was 
described by Spear and Fehr (2007).   
 The crosses IA1025 x A38 (Pop1), A08-253041 x A38 (Pop2), and A08-253044 x A38 
(Pop3) were made at the Agricultural Engineering and Agronomy Research Center near Ames, 
IA, in May 2010.  Eight individual plants of A38 were genotyped with the markers for lpa1 and 
lpa2 as described by Gillman et al. (2009) to confirm that they were homogeneous for the alleles 
before crossing.  F1 seeds and individual plants of the parents were harvested.  A five-seed bulk 
sample was analyzed by gas chromatography from at least 10 individual plants of each parent 
using the protocol described by Hammond (1991) to assure that they were homogeneous for LS 
concentration.   
The F1 seeds of each cross were planted at 3
rd
 Millennium Genetics (3MG) near Santa 
Isabel, PR, in October 2010.  Hybrids were confirmed with the marker for lpa1 (Gillman et al., 
2009) and individually harvested.  In February 2011 at 3MG, a random sample of 1400 F2 seeds 
from each cross and 30 seeds of A38, IA1025, A08-253041, A08-253044, CX1834-1-6, A08-
260001, IA3023, and IA2099 were planted at 10 seeds m
-1
 in rows 0.76 m apart.  CX1834-1-6 
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was included as the original source of the lpa1 and lpa2 alleles, A08-260001 as a LP line with 
reduced saturate concentration used as a parent by Gill and Fehr (2011), IA2099 as a NP,LS 
cultivar, and IA3023 as a NP conventional cultivar.  The plants were grown under artificial lights 
to extend the day length as a means of increasing the seed production on individual plants.  The 
soil type at the site is a Constancia silty clay (fine, smectitic, isohyperthermic Aeric 
Calciaquolls). 
The F2 plants from each cross were identified by a tag with a unique number.  One leaflet 
from each F2 plant and four leaflets from each parent and check were harvested and pressed onto 
a FTA (Flinders Technology Associates) card (Whatman, Piscataway, NJ) for genotyping with 
the lpa1 and lpa2 markers (Gillman et al., 2009).  All of the F2 plants and eight plants from each 
parent and check were harvested when at least 50% of the pods on a plant were mature.  Each 
plant was threshed individually with a belt thresher (ALMACO, Nevada, IA). 
For fatty ester analysis, the three populations were considered as three separate 
experiments.  The entries of each experiment were the individual F2 plants and eight plants of 
their parents that were analyzed in a randomized complete-block design with three replications.  
The eight plants of the checks CX1834-1-6, A08-260001, IA3023 and IA2099 were analyzed as 
a separate experiment in which each plant was considered an entry in a randomized complete-
block design with three replications.  For each replication of the experiments, a five-seed bulk of 
each plant was analyzed by gas chromatography according to the protocol described by 
Hammond (1991). 
 The nine genotypes from each population, the parents, and the checks CX1834-1-6 and 
IA3023 were analyzed for inorganic P concentration (Table 4.1).  Samples of the nine genotypes 
for each population were formed by bulking five individual seeds from each F2 plant within a 
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genotype.  There were 80 seeds used for each parent and check.  The seed samples were ground 
through a 1-mm screen using a UDY Cyclone sample mill (UDY Corporation, Fort Collins, CO).  
The ground samples were dried for 48 h at 65˚C and stored in a desiccator.  Inorganic P 
concentration was measured by a modification of the method of Chen et al. (1956) described by 
Trimble and Fehr (2010).  The nine genotypes of each population, parents, and checks were 
analyzed as a single experiment in a randomized complete-block design with three replications.  
Each replication was a separate extraction. 
For the fatty ester data, significant differences among the means of the F2 plants for the 
nine genotypes of the three populations, the parents, and checks were analyzed by calculating the 
mean ± the Student’s t value at the 0.05 probability level.  Data from the evaluation of inorganic 
P were analyzed using the general linear model (GLM) procedure of SAS version 9.2 (SAS 
Institute, 2008).  Genotypes were considered fixed effects and replications were considered 
random effects.  Differences among the means of genotypes were determined by Tukey’s 
honestly significant difference test at the 0.05 probability level (Tukey, 1949). 
Results and Discussion 
 There were significant differences in the mean palmitate, stearate, and saturate 
concentrations between the F2 LP plants homozygous for the lpa alleles and the NP plants 
homozygous for the Lpa alleles in the three populations (Table 4.1).  Differences between the 
two types for mean saturate concentration were 11 g kg
-1
 in Pop1, 9 g kg
-1
 in Pop2, and 10 g kg
-1
 
in Pop3.  Gill and Fehr (2011) reported a significantly greater mean saturate concentration of LP 
F3 plants than NP plants grown in Puerto Rico of 7 g kg
-1
 for Pop1, 9 g kg
-1
 for Pop2, and 7 g kg
-
1
 for Pop3 and a significant difference of 6 g kg
-1
 for F3 plants of the three populations when 
grown in Ames, IA.  
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 Gill and Fehr (2011) indicated that the elevated saturate concentration of the LP 
genotypes could not be explained by one or more genes linked to either lpa1 or lpa2 because 
there was no significant difference for the trait between the lpa1lpa1Lpa2Lpa2 (MW) and 
Lpa1Lpa1lpa2lpa2 (WM) genotypes and both were significantly less than the lpa1lpa1lpa2lpa2 
(MM) genotype.  The same results were observed for the three genotypes in our study (Table 
4.1).   
The MM genotype had the greatest inorganic P concentration, the lpa1lpa1Lpa2lpa2 
(MH) was second in rank, and the Lpa1lpa1lpa2lpa2 (HM) was third (Table 4.1).  This was the 
same rank order for the three genotypes reported by Gill and Fehr (2011).  The possible 
association of elevated inorganic P and elevated saturate concentration suggested by Gill and 
Fehr (2011) was consistent with the relationship between the two traits in our study. 
One hypothesis evaluated as the cause of the lower saturate concentration of A38 (64 g 
kg
-1
) compared with that of the LP parent A08-260001 (81 g kg
-1
) used by Gill and Fehr (2011) 
was that linkages were broken between lpa1 or lpa2 and one or more genes for elevated saturate 
concentration that interact epistatically to increase the saturate concentration of LP individuals.  
Since one or more of the genes necessary for the epistastic interaction would be missing in A38, 
the mean saturate concentration of the LP and NP progeny from crosses with A38 would not be 
expected to be significantly different as they were in the study of Gill and Fehr (2011).  This 
hypothesis was rejected because the significant increases in mean saturate concentration of LP 
genotypes compared to NP genotypes in our study were similar to those reported by Gill and 
Fehr (2011), regardless if A38 or A08-260001 was the LP parent of the populations.  The 
differences between the LP and NP genotypes in the two studies were not attributed to the 
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environment because Gill and Fehr (2011) reported that the significant increase in mean saturate 
concentration of LP genotypes they observed was consistent in three environments. 
 The hypothesis suggested by Gill and Fehr (2011) was that the LP individuals with a 
saturate concentration ≤70 g kg-1 in their populations were the result of the accumulation of 
favorable modifying genes for low saturate concentration.  Based on their hypothesis, the 
difference in the mean saturate concentration of LP and NP individuals would be present in 
crosses with A38, but the frequency of LP progeny with a saturate concentration ≤70 g kg-1 
would be greater with A38 as the LP parent than with A08-260001 used in their study.   This 
hypothesis was supported by my results in which an average of 35% of the LP F2 plants in the 
three populations had a saturate concentration ≤70 g kg-1 compared with only 6% for LP F3 
plants from the three populations of Gill and Fehr (2011).  The difference between the studies in 
the frequency of LP plants with a saturate concentration ≤70 g kg-1 was not attributable to 
differences in the environments used for the experiments.  In my study, CX1834-1-6, IA1025, 
IA3023, A08-260001, and IA2099 had a mean saturate concentration of 108 g kg
-1
 compared 
with 103 g kg
-1
 for the same lines in the study of Gill and Fehr (2011).   
  The apparent role of modifying genes in determining the saturate concentration of LP 
individuals with the lpa1 and lpa2 alleles has implications for selection of parents to use for 
crossing.  Fehr (2007) indicated that for development of LS cultivars, parents with a saturate 
concentration <70 g kg
-1
 should be used when crosses are made with conventional lines to 
recover an acceptable frequency of LS progeny.  Our results indicated that both the LP and the 
NP parents should have a saturate concentration <70 g kg
-1
 when developing populations for 
selection of LP,LS cultivars. 
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Table 4.1. Mean inorganic P concentration and fatty ester composition of nine phytate genotypes, parents, and checks from three populations grown in Puerto Rico in 2011. 
†Population 1 = IA1025 x A38, population 2 = A08-253041 x A38, population 3 = A08-253044 x A38. 
‡L1 = genotype of Lpa1, M = mutant, H = heterozygous, W = wild type. 
§L2 = genotype of Lpa2, M = mutant, H = heterozygous, W = wild type. 
¶Values within a population or among the parent and check lines followed by the same letter were not significantly different at the 0.05 probability level based on Tukey’s honestly  
significant difference (HSD) (Tukey, 1949). 
# Student’s t value.at the 0.05 probability level. The mean fatty ester concentrations among genotypes within a population or among the parents and checks that differed by more 
than the Student's t values were considered to be significantly different.  
†† Saturates = palmitate plus stearate. 
Population† L1‡ L2§ Number Inorganic   Palmitate Stearate   Oleate Linoleate Linolenate Saturates†† Range in Plants with 
   of plants phosphorus       saturates ≤70 g kg-1 
            saturates 
       mg g-1 ------------------------------------------------------g kg-1---------------------------------------------------------- % 
1 M M   25 4.22 a ¶   41 ± 0.8 # 32 ± 0.7 297 ± 10.2 567 ± 9.1 63 ± 1.6   73 ± 1.2 62 - 86   36 
 M H   68 1.90 b   39 ± 0.5 30 ± 0.4 289 ± 4.9 577 ± 4.2 65 ± 1.0   69 ± 0.7 59 - 77   62 
 H M   49 1.67 c   38 ± 0.5 30 ± 0.5 287 ± 6.1 581 ± 5.6 64 ± 1.0   68 ± 0.9 59 - 79   84 
 H H 128 0.87 d   37 ± 0.4 29 ± 0.3 292 ± 3.3 577 ± 3.0 65 ± 0.6   66 ± 0.5 59 - 78   87 
 M W   30 0.61 e   37 ± 0.6 30 ± 0.5 299 ± 9.4 571 ± 8.4 63 ± 1.3   67 ± 0.9 61 - 75   87 
 W M   47 0.41 fg   37 ± 0.7 29 ± 0.5 294 ± 6.9 575 ± 6.2 65 ± 1.2   66 ± 0.9 58 - 76   87 
 H W   58 0.41 fg   36 ± 0.4 29 ± 0.4 293 ± 5.3 578 ± 4.6 64 ± 1.1   65 ± 0.6 57 - 72   95 
 W H   58 0.36 g   36 ± 0.4 29 ± 0.4 296 ± 5.3 575 ± 4.9 64 ± 1.0   65 ± 0.7 57 - 73   93 
 W W   30 0.46 f   34 ± 0.4 28 ± 0.5 289 ± 5.8 584 ± 5.4 65 ± 1.3   62 ± 0.7 57 - 69 100 
               2 M M   12 4.14 a   39 ± 0.9 32 ± 1.3 291 ± 11.3 578 ± 11.4 60 ± 1.7   71 ± 1.8 63 - 82   50 
 M H   51 1.76 b   39 ± 0.8 31 ± 0.6 286 ± 5.0 582 ± 4.5 62 ± 1.0   70 ± 1.1 58 - 80   57 
 H M   59 1.41 c   38 ± 0.6 30 ± 0.4 275 ± 4.3 594 ± 3.9 63 ± 0.8   68 ± 0.8 57 - 82   69 
 H H 124 0.62 d   36 ± 0.3 30 ± 0.3 283 ± 2.7 588 ± 2.5 63 ± 0.5   66 ± 0.5 57 - 77   87 
 M W   26 0.37 e   37 ± 0.6 30 ± 0.7 277 ± 6.7 593 ± 5.7 63 ± 1.6   67 ± 1.0 59 - 77   73 
 W M   29 0.32 e   36 ± 0.5 29 ± 0.5 277 ± 6.1 595 ± 5.7 63 ± 1.3   65 ± 0.8 53 - 71 100 
 H W   64 0.31 e   36 ± 0.4 29 ± 0.5 288 ± 4.2 585 ± 3.8 62 ± 0.9   65 ± 0.7 56 - 77   94 
 W H   70 0.30 e   34 ± 0.5 29 ± 0.4 284 ± 4.1 590 ± 3.8 63 ± 0.9   63 ± 0.6 55 - 74   97 
 W W   35 0.28 e   34 ± 0.5 28 ± 0.6 288 ± 4.7 588 ± 4.3 62 ± 1.1   62 ± 0.9 52 - 71   97 
               3 M M   21 3.86 a   41 ± 1.2 32 ± 0.9 264 ± 7.1 598 ± 6.2 65 ± 1.3   73 ± 1.5 63 - 83   19 
 M H   78 1.61 b   38 ± 0.5 31 ± 0.4 267 ± 4.4 600 ± 3.9 64 ± 0.8   69 ± 0.7 58 - 80   63 
 H M   47 1.06 c   40 ± 0.7 31 ± 0.6 277 ± 4.7 588 ± 4.3 64 ± 0.9   71 ± 0.9 62 - 80   53 
 H H 123 0.55 d   37 ± 0.4 30 ± 0.3 275 ± 2.8 594 ± 2.6 64 ± 0.6   67 ± 0.6 55 - 77   84 
 M W   37 0.35 e   37 ± 0.7 29 ± 0.5 269 ± 5.0 601 ± 4.6 64 ± 1.0   66 ± 1.0 56 - 78   92 
 W M   28 0.29 f   35 ± 0.7 29 ± 0.7 276 ± 5.2 597 ± 4.9 63 ± 1.2   64 ± 1.1 54 - 72   89 
 H W   66 0.29 f   36 ± 0.5 29 ± 0.4 279 ± 3.8 592 ± 3.5 64 ± 0.8   65 ± 0.8 56 - 75   88 
 W H   66 0.28 f   35 ± 0.5 29 ± 0.4 276 ± 3.4 596 ± 3.1 64 ± 0.8   64 ± 0.7 54 - 75   94 
 W W   36 0.31 ef   34 ± 0.5 29 ± 0.6 290 ± 5.7 584 ± 5.5 63 ± 1.1   63 ± 0.9 56 - 71   94 
             CX1834-1-6 M M     8 4.77 a 123 ± 2.7 52 ± 3.0 241 ± 5.3 519 ± 4.6 65 ± 1.7 175 ± 2.7     0 
A38 M M     8 3.85 c   36 ± 1.4 28 ± 1.4 249 ± 17.8 624 ± 15.4 63 ± 3.2   64 ± 2.0  100 
IA1025 W W     8 0.45 e   36 ± 0.8 29 ± 1.4 309 ± 11.8 562 ± 11.3 64 ± 2.5   65 ± 1.2  100 
A08-253041 W W     8 0.29 f   35 ± 0.8 29 ± 1.9 302 ± 9.2 570 ± 8.0 63 ± 2.8   64 ± 2.2  100 
A08-253044 W W     8 0.32 ef   36 ± 1.2 30 ± 1.2 329 ± 15.4 544 ± 12.3 61 ± 3.1   66 ± 1.9  100 
IA3023 W W     8 0.36 ef 109 ± 4.2 41 ± 2.1 286 ± 36.7 510 ± 31.8 54 ± 4.0 150 ± 3.3      0 
A08-260001 M M     8    43 ± 2.1 38 ± 2.2 275 ± 21.2 573 ± 19.1 71 ± 3.0   81 ± 3.0        0 
IA2099 W W     8    38 ± 1.5 30 ± 1.3 288 ± 11.1 571 ± 7.1 73 ± 3.5   68 ± 2.0    88 
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CHAPTER 5 
GENERAL CONCLUSIONS 
 Evaluation of aphid resistant backcross (BC) lines containing the Rag1 or Rag2 alleles 
alone, or with the two alleles combined, indicated that the mean yields of resistant BC lines were 
less than the mean of the two entries of their susceptible recurrent parent in each of the three 
experiments.  This reduction in mean yield was significant for BC lines containing Rag1 and its 
combination with Rag2, but not for BC lines with only Rag2.  Among the BC lines in each 
experiment, only a small percentage were significantly different from the mean yield of their 
susceptible recurrent parent.  Significant differences in mean maturity, height, lodging, protein 
and oil concentration, and seed weight were observed between BC lines and their recurrent 
parent, but they were small and not consistent among the three experiments.  BC lines within 
each experiment were identified that did not significantly differ from their susceptible recurrent 
parent for these traits.  These results indicated that recovery of lines with the Rag1 and Rag2 
alleles similar to susceptible lines would be possible for the traits evaluated. 
 A high incidence of CPMMV-L symptoms occurred in Puerto Rico and Mexico, allowing 
reliable phenotypic data to be collected.  Phenotypic segregation of F2-derived lines satisfactorily 
fit a 3 susceptible to 1 resistant segregation ratio, and all F1 plants evaluated became infected.  
Based on the segregation ratio and phenotype of F1 plants, CPMMV-L resistance was controlled 
by a single recessive allele designated as rbc1.  Molecular mapping further confirmed a single 
gene model by identifying only one significant region on Chromosome 18 (LG G).  Location of 
the locus was narrowed to a 2.4 cM region flanked by SSR markers BARCSOYSSR_18_0456 
and BARCSOYSSR_18_0458. 
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 Mean palmitate, stearate, and saturate concentrations of low phytate (LP) F2 plants were 
significantly higher than that of normal phytate (NP) F2 plants even though all parents used to 
develop the populations had a saturate concentration <70 g kg
-1
.  Mean saturate concentrations of 
the lpa1lpa1Lpa2Lpa2 (MW) and Lpa1Lpa1lpa2lpa2 (WM) genotypes were not significantly 
different from each other, and were both significantly less than that of the lpa1lpa1lpa2lpa2 
(MM) genotype.  Mean inorganic phosphorus (P) concentration was greatest for the MM 
genotype, followed by the lpa1lpa1Lpa2lpa2 (MH) and Lpa1lpa1lpa2lpa2 (HM) genotypes.  
Using parents that both had a saturate concentration <70 g kg
-1
 to develop the populations 
resulted in a greater frequency of LP, low saturate (LS) individuals being recovered than what 
had previously been reported when making crosses with only one of the parents with a saturate 
concentration <70 g kg
-1
.  The ability to recover LP,LS individuals was attributed to the 
accumulation of favorable modifying genes for reduced saturate concentration. 
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The linear additive model used for the analysis of variance of agronomic and seed traits 
across environments for each experiment was: 
  Yijk =  µ + Ei + R(i)j+ Gk + GEik + ε(i)jk 
where, 
 Yijk = the observed value of the k
th
 genotype, j
th
 replication, and the i
th
 environment, 
 µ = the overall mean, 
 Ei = the random effect of the i
th
 environment, 
 R(i)j= the random effect of the j
th
 replication within the i
th
 environment, 
 Gk = the fixed effect of the k
th 
genotype, 
 GEik = the effect of the interaction between the i
th
 environment and the k
th
 genotype, and 
 ε(i)jk= the error associated with the ijk
th
 observation. 
Table A1. Analysis of variance and expected mean squares for each experiment across Iowa 
environments in 2011. 
Sources of Variation Degrees of Freedom Expected Mean Squares 
Environment (E) (e-1) σ2ε + gσ
2
R + grσ
2
E 
Replication/E (R)  e(r-1) σ2ε + gσ
2
R 
Genotype (G) (g-1) σ2ε + rσ
2
GE + erΦG 
    Backcross line    (b-1) σ2ε + rσ
2
BE + erΦB 
    Susceptible parent (P)    (p-1) σ2ε + rσ
2
PE + erΦP 
    BC line vs. P    1 σ2ε + rσ
2
(B vs.P)E + erΦB vs. P 
G x E (e-1)(g-1) σ2ε + rσ
2
GE 
     BC line x E    (e-1)(b-1) σ2ε + rσ
2
BE 
     P x E    (e-1)(p-1) σ2ε + rσ
2
PE 
     BC line vs. P x E    (e-1)(1) σ2ε + rσ
2
(B vs. P)E 
Error e(r-1)(g-1) σ2ε 
Total erg-1  
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Table A2. Analysis of variance for the RA12 experiment across three Iowa environments in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Environment (Env) 2 6962128.1 ** 82.5 ** 9037.2 ** 32.0 ** 3453.4 ** 222.5 * 1015.6 ** 
Rep/Env 6 156572.6 ** 1.5 ** 6.9 ns‡ 0.2 ** 36.9 ns 35.2 ** 31.4 ns 
Genotype   23 128408.6 * 10.1 ** 119.3 ** 0.4 ** 269.9 ** 130.3 ** 298.5 ** 
   BC line† 21 120489.8 * 10.0 ** 114.6 ** 0.4 ** 291.4 ** 140.7 ** 306.8 ** 
   IA3027 1 68080.5 ns 0.2 ns 0.9 ns 0.2 ns 5.6 ns 0.1 ns 14.2 ns 
   BC line vs. IA3027 1 355031.1 * 23.6 ** 336.4 ** 0.9 ** 81.5 ns 41.5 * 408.3 ** 
Genotype  x Env   46 67519.6 ns 1.1 ** 15.6 ns 0.1 ns 27.1 ns 8.0 ns 30.3 * 
   BC line x Env 42 63150.8 ns 1.1 ** 14.5 ns 0.1 ns 27.9 ns 8.4 ns 31.6 * 
   IA3027 x Env 2 162980.2 * 0.1 ns 10.9 ns 0.2 ns 13.4 ns 0.7 ns 5.7 ns 
   BC line vs. IA3027 x Env 2 63804.5 ns 0.8 ns 43.9 ns 0.0 ns 24.0 ns 6.9 ns 25.6 ns 
Error 138 49280.8  0.4  18.6  0.1  20.5  6.6  20.6  
CV (%)††  7.2  2.0  4.5  13.1  1.2  1.5  2.1  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1Rag2Rag2 backcross lines, IA3027= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A3. Analysis of variance for the RA2 experiment across three Iowa environments in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Environment (Env) 2 11565660.9 ** 148.7 ** 7642.7 ** 51.8 ** 1620.6 ** 8.2 ns 3601.4 ** 
Rep/Env 6 182333.6 * 3.6 ns‡ 20.2 ns 0.1 ns 145.1 ** 20.2 ** 72.2 ns 
Genotype 15 321668.1 ** 221.9 ** 316.8 ** 0.6 ** 667.4 ** 316.2 ** 1563.5 ** 
   BC line† 13 348262.9 ** 255.8 ** 353.4 ** 0.7 ** 761.9 ** 360.8 ** 1014.3 ** 
   IA2076 1 43414.2 ns 0.9 ns 43.6 ns 0.1 ns 0.9 ns 0.2 ns 0.2 ns 
   BC line vs. IA2076 1 254190.5 ns 2.5 ns 114.7 ns 0.5 ns 104.1 * 52.5 ** 10267.0 ** 
Genotype  x Env 30 111913.2 ns 7.5 ** 31.6 ns 0.2 * 21.9 ns 8.6 ns 55.7 ns 
   BC line x Env 26 122006.6 ns 8.5 ** 35.1 ns 0.2 ns 23.8 ns 9.2 ns 59.1 ns 
   IA2076 x Env 2 31421.6 ns 0.4 ns 3.6 ns 0.1 ns 19.4 ns 0.4 ns 43.6 ns 
   BC line vs. IA2076 x Env 2 61189.9 ns 2.0 ns 14.7 ns 0.6 ** 0.6 ns 9.7 ns 23.7 ns 
Error 90 84716.7  2.2  28.7  0.1  17.0  6.7  40.8  
CV (%)††  9.1  6.4  5.9  15.7  1.2  1.4  2.8  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†= BC line = rag1rag1Rag2Rag2 backcross lines, IA2076= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A4. Analysis of variance for the RA1 experiment across three Iowa environments in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Environment (Env) 2 13951424.2 ** 339.1 ** 7444.3 ** 25.8 ** 6935.4 ** 1050.7 ** 3034.7 ** 
Rep/Env 6 133761.7 ns 1.7 ** 92.1 ** 1.2 ** 194.5 ** 23.8 ** 143.2 ** 
Genotype 26 211221.7 ** 6.2 ** 103.2 ** 0.4 ** 240.9 ** 148.5 ** 556.4 ** 
   BC line† 24 207667.9 * 6.3 ** 105.1 ** 0.4 ** 257.9 ** 157.3 ** 585.3 ** 
   IA3045 1 75920.1 ns 0.2 ns 22.2 ns 0.7 ns 60.5 ns 2.0 ns 18.0 ns 
   BC line vs. IA3045 1 431813.9 * 10.9 ** 138.2 ** 0.0 ns 15.1 ns 83.3 ** 402.0 ** 
Genotype  x Env 52 101510.2 * 0.7 * 14.6 ns 0.2 ns 26.0 ns 7.2 ns 68.7 ns 
   BC line x Env 48 104337.1 * 0.7 ** 14.9 ns 0.2 ns 25.5 ns 7.2 ns 69.6 ns 
   IA3045 x Env 2 66196.7 ns 0.4 ns 6.9 ns 0.4 ns 52.7 ns 8.2 ns 112.2 ns 
   BC line vs. IA3045 x Env 2 68977.1 ns 0.3 ns 15.6 ns 0.1 ns 13.7 ns 7.1 ns 2.8 ns 
Error 156 69162.9  0.4  16.3  0.1  22.8  7.1  49.7  
CV (%)††  8.9  2.0  3.9  16.0  1.3  1.6  3.5  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1rag2rag2 backcross lines, IA3045 = rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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The linear additive model for the analysis of variance of agronomic and seed traits for 
each environment is: 
  Yij = µ + Ri + Gj + εij 
where, 
  Yij = the observed value of the j
th
 genotype within the i
th
 replication, 
 µ = the overall mean, 
 Ri = the random effect of the i
th
 replication, 
Gj = the fixed effect of the j
th
 genotype, and 
εij = the error associated with the ij
th
 observation. 
Table A5. Analysis of variance and expected mean squares for each experiment at an individual 
environment. 
Sources of Variation Degrees of Freedom Expected Mean Squares 
Replication (R)       (r-1) σ2ε + gσ
2
R 
Genotype (G)      (g-1) σ2ε + rΦG 
    Backcross line (BC)          (b-1) σ2ε + rΦB 
    Parent (P)          (p-1) σ2ε + rΦP 
    BC line vs. P          1 σ2ε + rΦB vs. P 
Error       (r-1)(g-1) σ2ε 
Total       rg-1  
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Table A6. Analysis of variance for the RA12 experiment at Ames, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 121182.4 * 3.2 ** 9.4 ns‡ 0.3 * 9.1 ns 22.5 ** 13.5 ns 
Genotype   23 75987.8 ** 7.1 ** 36.1 * 0.2 ** 103.4 ** 50.0 ** 159.7 ** 
   BC line† 21 80763.1 ** 7.2 ** 38.9 * 0.2 ** 112.9 ** 54.7 ** 162.9 ** 
   IA3027 1 47526.0 ns 0.2 ns 0.0 ns 0.4 ns 8.2 ns 0.7 ns 24.0 ns 
   BC line vs. IA3027 1 4168.5 ns 13.4 ** 13.7 ns 0.2 ns 0.3 ns 0.5 ns 229.1 ** 
Error 46 33748.9  0.5  20.2  0.1  11.3  4.1  14.9  
CV (%)††  5.8  2.2  5.0  16.0  0.9  1.2  1.8  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1Rag2Rag2 backcross lines, IA3027= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A7. Analysis of variance for the RA12 experiment at Eldora, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 142182.9 * 0.0 ns 9.7 ns 0.3 * 86.3 * 4.4 ns 79.6 * 
Genotype   23 110831.4 ** 2.2 ** 63.9 ** 0.3 ** 107.3 ** 42.3 ** 108.0 ** 
   BC line† 21 93960.5 * 2.2 ** 63.8 ** 0.3 ** 111.8 ** 45.1 ** 116.6 ** 
   IA3027 1 266704.2 ** 0.2 ns 6.0 ns 0.0 ns 13.5 ns 0.2 ns 1.5 ns 
   BC line vs. IA3027 1 309245.6 ** 3.7 ns 124.5 ** 0.4 ns 106.9 * 24.4 * 34.4 ns 
Error 46 46761.4  0.3  14.0  0.1  22.5  6.5  22.8  
CV (%)††  6.4  1.7  3.5  11.3  1.3  1.5  2.2  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1Rag2Rag2 backcross lines, IA3027= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A8. Analysis of variance for the RA12 experiment at Rippey, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 206352.5 * 1.4 * 1.7 ns‡ 0.0 ns 15.3 ns 78.6 ** 1.1 ns 
Genotype   23 76628.7 ns 3.0 ** 50.5 ** 0.1 ** 113.3 ** 54.0 ** 91.3 ** 
   BC line† 21 72067.7 ns 2.9 ** 40.9 * 0.1 ** 122.5 ** 57.7 ** 90.7 ** 
   IA3027 1 79810.7 ns 0.0 ns 16.7 ns 0.2 ns 10.7 ** 0.7 ns 0.2 ns 
   BC line vs. IA3027 1 169225.9 ns 8.1 ** 286.1 ** 0.4 ns 22.3 ns 30.3 ns 196.0 ** 
Error 46 67332.0  0.4  21.6  0.1  27.5  9.2  24.2  
CV (%)††  9.4  2.0  5.3  13.1  1.4  1.8  2.3  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1Rag2Rag2 backcross lines, IA3027= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A9. Analysis of variance for the RA2 experiment at Ames, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 355405.8 ns‡ 9.1 ns 36.1 ns 0.0 ns 9.1 ns 7.8 ns 126.2 * 
Genotype 15 236811.5 ns 110.2 ** 157.7 ** 0.2 ** 238.6 ** 116.7 ** 534.0 ** 
   BC line† 13 268094.3 * 127.0 ** 178.6 ** 0.2 ** 271.2 ** 133.2 ** 397.4 ** 
   IA2076 1 53770.7 ns 1.5 ns 24.0 ns 0.0 ns 20.2 * 0.2 ns 32.7 ns 
   BC line vs. IA2076 1 13175.0 ns 0.5 ns 19.0 ns 0.2 ns 32.8 ns 18.1 * 2811.9 ** 
Error 30 133835.9  4.0  34.6  0.1  9.7  3.6  33.7  
CV (%)††  13.3  9.5  7.0  23.3  0.9  1.0  2.6  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = rag1rag1Rag2Rag2 backcross lines, IA2076= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A10. Analysis of variance for the RA2 experiment at Eldora, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 61718.5 ns‡ 0.6 ns 12.3 ns 0.2 ns 79.4 * 1.9 ns 42.6 ns 
Genotype 15 104063.2 * 82.2 ** 82.8 ** 0.6 ** 197.9 ** 92.9 ** 498.7 ** 
   BC line† 13 116907.2 ** 94.7 ** 94.3 ** 0.6 ** 224.4 ** 103.1 ** 272.2 ** 
   IA2076 1 7072.7 ns 0.0 ns 2.7 ns 0.2 ns 6.0 ns 0.2 ns 54.0 ns 
   BC line vs. IA2076 1 34081.7 ns 2.2 ns 13.0 ns 0.7 * 45.8 ns 52.6 ** 3888.2 ** 
Error 30 43519.7  0.8  21.1  0.2  18.2  8.0  56.7  
CV (%)††  5.6  3.6  4.4  12.6  1.2  1.5  3.1  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = rag1rag1Rag2Rag2 backcross lines, IA2076= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A11. Analysis of variance for the RA2 experiment at Rippey, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 129876.6 ns‡ 1.2 ns 12.3 ns 0.0 ns 346.6 ** 51.1 ** 47.7 ns 
Genotype 15 204619.9 ** 44.5 ** 139.6 ** 0.2 ** 274.7 ** 124.0 ** 642.3 ** 
   BC line† 13 207274.6 ** 51.0 ** 150.7 ** 0.1 ns 313.9 ** 142.9 ** 463.0 ** 
   IA2076 1 45414.0 ns 0.2 ns 24.0 ns 0.0 ns 13.5 ns 0.7 ns 0.7 ns 
   BC line vs. IA2076 1 329313.6 * 3.9 ns 112.0 ns 0.7 ns 26.9 ns 1.1 ns 3614.3 ** 
Error 30 76794.5  1.7  30.5  0.1  23.2  8.6  32.1  
CV (%)††  8.9  5.5  6.6  14.9  1.4  1.5  2.5  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = rag1rag1Rag2Rag2 backcross lines, IA2076= rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A12. Analysis of variance for the RA1 experiment at Ames, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 85960.5 ns 1.9 ** 10.7 ns 2.4 ** 307.5 ** 23.9 * 265.6 ** 
Genotype 26 49658.3 ns 2.7 ** 48.6 ** 0.4 ** 83.7 ** 44.5 ** 175.5 ** 
   BC line† 24 50870.7 ns 2.8 ** 51.8 ** 0.4 ** 88.6 ** 47.4 ** 183.8 ** 
   IA3045 1 61004.2 ns 0.2 ns 0.7 ns 0.0 ns 48.2 ns 4.2 ns 0.7 ns 
   BC line vs. IA3045 1 9214.8 ns 5.2 ns 20.2 ns 0.0 ns 2.0 ns 16.6 ns 153.3 ** 
Error 52 42126.2  0.4  17.0  0.1  10.9  5.9  13.5  
CV (%)††  6.3  2.0  4.0  16.9  0.9  1.5  1.8  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1rag2rag2 backcross lines, IA3045 = rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A13. Analysis of variance for the RA1 experiment at Eldora, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 26213.2 ns 0.2 ns 152.1 ** 1.0 ** 208.4 ** 7.9 ns 73.0 ns 
Genotype 26 179766.2 ** 3.5 ** 55.9 ** 0.2 ns 116.4 ** 58.4 ** 338.5 ** 
   BC line† 24 186417.4 ** 3.6 ** 59.6 ** 0.2 ns 120.1 ** 62.5 ** 354.3 ** 
   IA3045 1 17066.7 ns 0.7 ns 2.7 ns 1.5 ns 104.2 ns 8.2 ** 204.2 * 
   BC line vs. IA3045 1 182837.8 ns 4.8 ** 20.5 ns 0.1 ns 39.7 ns 11.6 ns 93.4 ns 
Error 52 84829.9  0.4  11.4  0.2  31.4  6.8  103.4  
CV (%)††  9.3  1.8  3.0  14.0  1.5  1.6  4.9  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1rag2rag2 backcross lines, IA3045 = rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A14. Analysis of variance for the RA1 experiment at Rippey, IA, in 2011. 
  Mean Squares 
Sources of Variation df Yield Maturity Height Lodging Protein Oil Seed Wt. 
  kg ha
-1
 days§ cm score¶ g kg
-1
 # g kg
-1
 mg sd
-1
 
Replication 2 289111.5 * 3.0 ** 113.5 ** 0.2 ns 67.6 ns 39.7 ** 91.0 ns 
Genotype 26 184817.6 ** 1.3 ** 27.9 ns 0.2 ns 92.9 ** 59.9 ** 179.8 ** 
   BC line† 24 179054.2 ** 1.3 ** 23.5 ns 0.2 * 100.1 ** 61.8 ** 186.5 ** 
   IA3045 1 130242.7 ns 0.2 ns 32.7 ns 0.0 ns 13.5 ns 6.0 ns 37.5 ns 
   BC line vs. IA3045 1 377715.7 * 1.5 ns 128.7 ** 0.1 ns 0.9 ns 69.4 ** 160.8 * 
Error 52 80532.6  0.5  20.4  0.1  26.2  8.5  32.3  
CV (%)††  11.5  2.2  4.7  17.8  1.4  1.7  2.9  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†BC line = Rag1Rag1rag2rag2 backcross lines, IA3045 = rag1rag1rag2rag2 parent. 
‡ns = Not significant at the 0.05 probability level. 
§ = Days after 31 August  
¶ = Score 1 (all plants erect) to 5 (all plants prostrate) 
# = Protein and oil content based on a moisture basis of 130 g kg
-1
. 
†† = Coefficient of variation 
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Table A15.  Entry and type means for agronomic and seed traits of backcross lines, IA3027, IA3027RA1, LD05-
16521 and LD08-89051a grown at Ames, IA, in 2011. 
Entry Yield Type† Yield Maturity Height Lodging  Protein Oil Seed Wt. 
   kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
113007 1 BC line 3489 32 91 1.7 374 166 228 
113028 2 LD08-89051a 3347 32   101 2.0 332 181 163 
113012 3 BC line 3333 33 91 1.7 380 160 215 
113001 4 BC line 3331 34 92 1.8 387 161 223 
113005 5 BC line 3294 31 85 1.5 386 168 216 
113016 6 BC line 3294 35 98 1.8 373 166 219 
113024 7 IA3027 3269 31 92 1.5 380 166 206 
113004 8 BC line 3264 32 91 1.5 385 169 217 
113027 9 LD05-16521 3254 32 95 2.3 330 193 161 
113008 10 BC line 3244 34 94 1.8 384 162 234 
113009 11 BC line 3240 34 89 1.8 375 164 212 
113022 12 BC line 3228 30 87 1.3 391 166 219 
113002 13 BC line 3215 30 93 1.5 379 170 215 
113021 14 BC line 3181 33 93 1.7 371 165 209 
113003 15 BC line 3159 30 88 1.5 376 175 214 
113006 16 BC line 3151 34 89 1.8 377 163 204 
113025 17 IA3027RA1 3117 31 93 2.5 386 162 205 
113020 18 BC line 3092 33 89 1.7 391 161 214 
113023 19 IA3027 3091 31 92 2.0 382 165 210 
113017 20 BC line 3076 31 87 1.3 378 170 217 
113013 21 BC line 3058 30 87 1.2 383 171 215 
113011 22 BC line 3057 34 91 1.5 387 159 210 
113010 23 BC line 3014 32 94 1.5 382 165 204 
113018 24 BC line 2966 34 91 2.2 370 166 211 
113015 25 BC line 2965 34 97 1.3 383 158 216 
113019 26 BC line 2948 33 88 1.5 382 164 203 
113014 27 BC line 2765 30 83 1.2 389 166 211 
            LSD (0.05)#   299    1   7 0.4        6        3         6 
  SEM††   106    0   3 0    2     1    2 
           X  BC lines 3153ns‡‡     32**    90ns     2.0ns    381ns   165ns     215** 
  IA3027 3180 31 92 2.0 381 166 208 
* Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.01 probability 
level. 
† IA3027= rag1rag1rag2rag2 parent, IA3027RA1= Rag1Rag1rag2rag2 parent, LD05-16521= Rag1Rag1rag2rag2 
parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= Rag1Rag1Rag2Rag2 backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A16.  Entry and type means for agronomic and seed traits of backcross lines, IA3027, IA3027RA1, LD05-
16521 and LD08-89051a grown at Eldora, IA, in 2011. 
Entry Yield Type† Yield Maturity Height Lodging  Protein Oil Seed Wt. 
   kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
113024 1 IA3027 3812 33 113 3.2 365 169 215 
113028 2 LD08-89051a 3739 33 111 3.0 327 185 172 
113027 3 LD05-16521 3709 33 115 3.2 331 191 168 
113007 4 BC line 3688 33 114 2.8 359 171 225 
113003 5 BC line 3664 33 111 2.8 364 171 222 
113010 6 BC line 3536 33 113 2.8 371 169 205 
113021 7 BC line 3512 33 108 2.8 355 168 215 
113005 8 BC line 3494 33   97 2.5 372 166 219 
113001 9 BC line 3487 34 107 3.0 374 166 223 
113004 10 BC line 3484 33 107 2.8 374 165 228 
113012 11 BC line 3482 34 105 2.7 371 162 220 
113016 12 BC line 3436 34 115 3.2 357 169 218 
113023 13 IA3027 3391 32 111 3.0 362 168 216 
113017 14 BC line 3386 33 104 2.5 369 167 218 
113025 15 IA3027RA1 3379 33 107 3.2 363 170 216 
113018 16 BC line 3369 34 114 3.5 361 167 225 
113013 17 BC line 3360 31 103 2.8 368 172 215 
113022 18 BC line 3359 32   98 2.2 369 168 215 
113014 19 BC line 3345 33 107 2.5 366 168 212 
113002 20 BC line 3281 32 105 2.7 365 173 218 
113015 21 BC line 3252 35 111 2.5 376 158 223 
113020 22 BC line 3249 34 108 3.2 379 160 214 
113008 23 BC line 3248 33 111 2.5 365 166 226 
113009 24 BC line 3174 34 107 3.0 366 163 215 
113011 25 BC line 3098 34 107 3.2 372 161 211 
113019 26 BC line 3097 33 106 2.5 368 167 205 
113006 27 BC line 3017 34 107 3.2 367 164 216 
            LSD (0.05)#   343           1        6 0.5     8     4         8 
  SEM††   125   0   2 0     3     1    3 
           
  X  BC lines 3364**         33ns‡‡    108** 3.0   368*  166*    218ns 
  IA3027 3602 33 112 3.0 363 169 215 
* Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.01 probability 
level. 
† IA3027= rag1rag1rag2rag2 parent, IA3027RA1= Rag1Rag1rag2rag2 parent, LD05-16521= Rag1Rag1rag2rag2 
parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= Rag1Rag1Rag2Rag2 backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A17.  Entry and type means for agronomic and seed traits of backcross lines, IA3027, IA3027RA1, LD05-
16521 and LD08-89051a grown at Rippey, IA, in 2011. 
Entry Yield Type† Yield Maturity Height Lodging  Protein Oil Seed Wt. 
   kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
113012 1 BC line 3068 32 87 1.8 369 168 213 
113023 2 IA3027 3045 30 95 2.2 371 171 205 
113003 3 BC line 3043 30 84 2.0 368 175 209 
113008 4 BC line 2974 33 92 2.2 373 165 220 
113009 5 BC line 2907 32 90 1.8 370 166 213 
113013 6 BC line 2841 30 80 1.5 383 173 213 
113027 7 LD05-16521 2826 31 98 1.8 336 190 162 
113002 8 BC line 2822 30 87 1.8 368 177 213 
113001 9 BC line 2820 32 85 1.8 375 166 217 
113024 10 IA3027 2814 30 92 1.8 373 171 204 
113004 11 BC line 2811 30 87 1.8 381 169 217 
113006 12 BC line 2793 32 88 1.8 368 168 201 
113010 13 BC line 2777 31 89 1.7 376 168 203 
113017 14 BC line 2770 31 87 1.5 371 172 208 
113025 15 IA3027RA1 2764 30 90 2.2 375 169 210 
113014 16 BC line 2763 31 83 1.7 375 169 209 
113015 17 BC line 2740 32 91 1.8 374 162 214 
113021 18 BC line 2725 32 89 1.5 369 169 204 
113022 19 BC line 2700 30 82 1.5 384 172 211 
113028 20 LD08-89051a 2667 30 93 2.2 329 186 152 
113018 21 BC line 2601 31 88 2.0 366 170 211 
113020 22 BC line 2598 31 86 1.7 385 162 208 
113007 23 BC line 2593 30 89 1.7 363 175 215 
113011 24 BC line 2592 34 84 1.5 384 159 210 
113019 25 BC line 2586 32 84 1.5 377 167 196 
113005 26 BC line 2546 30 78 1.7 379 170 212 
113016 27 BC line 2524 32 92 2.0 370 169 214 
            LSD (0.05)#   420   1   8 0.4     8     5          8 
  SEM††   150   0   3 0     3     2      3 
           
  X  BC lines 2754ns‡‡     31**    86**     2.0ns    374ns    169ns     210** 
  IA3027 2930 30 94 2.0 372 171 205 
* Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3027 at the 0.01 probability 
level. 
† IA3027= rag1rag1rag2rag2 parent, IA3027RA1= Rag1Rag1rag2rag2 parent, LD05-16521= Rag1Rag1rag2rag2 
parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= Rag1Rag1Rag2Rag2 backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A18.  Entry and type means for agronomic and seed traits of backcross lines, IA2076, and LD08-89051a 
grown at Ames, IA, in 2011. 
Entry Yield Type†     Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank     kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
112017 1 LD08-89051a     3299 32 98 1.8 330 185 166 
112002 2 BC line     3262 20 83 1.2 346 196 240 
112001 3 BC line     3233 24 83 1.3 348 195 229 
112003 4 BC line     3076 22 81 1.0 344 196 216 
112008 5 BC line     2886 25 83 1.2 338 198 225 
112015 6 IA2076     2881 20 84 1.0 359 188 246 
112014 7 BC line     2862 33   100 1.8 359 177 219 
112012 8 BC line     2748 34 98 1.8 361 179 224 
112016 9 IA2076     2692 21 80 1.0 355 188 242 
112006 10 BC line     2670 26 92 1.2 352 188 225 
112013 11 BC line     2643 18 83 1.0 372 183 242 
112007 12 BC line     2630 17 85 1.0 358 188 224 
112005 13 BC line     2612 13 75 1.0 364 187 210 
112010 14 BC line     2579 17 79 1.0 353 191 208 
112009 15 BC line     2473 18 81 1.2 349 195 215 
112011 16 BC line     2323 17 77 1.2 349 194 200 
112004 17 BC line     2312 12 75 1.0 367 189 214 
            LSD (0.05)#       607        3 10 0.5         5        3          9 
  SEM††       211   1   3 0     2       1      3 
           X  BC lines     2736ns‡‡     21ns    84ns    1.0ns     354ns   190*     221** 
  IA2076     2786 21 82 1.0 357 188 244 
* Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.01 probability 
level. 
† IA2076= rag1rag1rag2rag2 parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= rag1rag1Rag2Rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A19.  Entry and type means for agronomic and seed traits of backcross lines, IA2076, and LD08-89051a 
grown at Eldora, IA, in 2011. 
Entry Yield Type†     Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank     kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
112001 1 BC line     4091 27 102 3.5 334 194 236 
112017 2 LD08-89051a     3957 33 114 2.8 328 186 172 
112005 3 BC line     3861 15 106 2.7 347 191 231 
112006 4 BC line     3848 27 107 3.0 341 187 242 
112004 5 BC line     3838 18   99 2.5 348 189 238 
112016 6 IA2076     3818 25 103 3.7 347 187 267 
112008 7 BC line     3792 29 108 3.3 333 191 241 
112010 8 BC line     3789 18 103 2.8 340 192 232 
112002 9 BC line     3758 25 107 3.8 342 192 255 
112015 10 IA2076     3749 25 105 3.3 345 186 261 
112012 11 BC line     3702 34 116 3.5 354 178 237 
112009 12 BC line     3690 21 102 3.0 336 197 231 
112013 13 BC line     3652 22   96 2.3 360 182 258 
112007 14 BC line     3573 24 111 2.8 350 187 236 
112011 15 BC line     3453 24 104 3.3 339 195 230 
112003 16 BC line     3447 23 103 3.5 329 198 228 
112014 17 BC line     3349 34 115 3.7 346 183 225 
            LSD (0.05)#       351   2         8 0.7         7    5   12 
  SEM††       120   1      3 0     2    2     4 
           X  BC lines     3703ns‡‡     24ns    106ns   3.0*     343ns    190**     237** 
  IA2076     3784 25 104 4.0 346 187 264 
* Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.01 probability 
level. 
† IA2076= rag1rag1rag2rag2 parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= rag1rag1Rag2Rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A20.  Entry and type means for agronomic and seed traits of backcross lines, IA2076, and LD08-89051a 
grown at Rippey, IA, in 2011. 
Entry Yield Type†   Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank  kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
112002 1 BC line    3471 24     79 2.0 346 195 248 
112001 2 BC line    3462 26     79 1.8 343 196 231 
112015 3 IA2076    3407 24     81 2.0 348 190 252 
112012 4 BC line    3362 32     97 2.0 358 176 225 
112005 5 BC line    3266 16     77 1.5 357 189 225 
112016 6 IA2076    3233 25     77 2.0 351 189 251 
112004 7 BC line    3198 19     82 1.5 354 191 229 
112008 8 BC line    3158 26     81 1.5 334 196 230 
112017 9 LD08-89051a    3129 30     95 2.0 331 185 161 
112013 10 BC line    3043 24     80 1.5 369 182 249 
112003 11 BC line    2994 23     75 1.7 334 199 221 
112010 12 BC line    2967 21     88 1.5 348 190 214 
112007 13 BC line    2964 22     87 1.5 353 189 226 
112011 14 BC line    2885 21     81 1.8 342 195 204 
112009 15 BC line    2875 21     82 1.7 334 197 217 
112006 16 BC line    2696 24     86 1.3 342 187 221 
112014 17 BC line    2628 30   100 1.7 353 180 212 
            LSD (0.05)#      462          2       9     0.4         8         5          9 
  SEM††   160  1   3 0      3     2      3 
           X  BC lines    3069*        24ns‡‡     84ns    2.0ns    348ns     190ns     225** 
  IA2076    3320 25     79 2.0 350 190 251 
* Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA2076 at the 0.01 probability 
level. 
† IA2076= rag1rag1rag2rag2 parent, LD08-89051a= rag1rag1Rag2Rag2 parent, and BC line= rag1rag1Rag2Rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A21.  Entry and type means for agronomic and seed traits of backcross lines, IA3045, and A08-123074 grown 
at Ames, IA, in 2011. 
Entry Yield Type† Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank  kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
114028 1 A08-123074 3448 34   97 1.8 368 165 207 
114008 2 BC line 3439 32 102 2.0 387 165 197 
114007 3 BC line 3435 33 101 1.7 383 164 200 
114005 4 BC line 3402 32 101 1.5 381 166 191 
114001 5 BC line 3396 33 105 2.3 390 162 196 
114025 6 BC line 3394 34 107 2.5 381 162 194 
114027 7 IA3045 3378 33 104 2.3 384 164 204 
114020 8 BC line 3373 32 105 2.2 374 169 189 
114009 9 BC line 3332 34 106 2.3 395 156 211 
114012 10 BC line 3321 33 105 2.2 391 161 204 
114022 11 BC line 3298 32   99 1.8 380 162 189 
114014 12 BC line 3288 34 108 2.5 384 162 207 
114024 13 BC line 3274 34 105 2.2 383 164 197 
114015 14 BC line 3231 34 101 2.5 392 159 214 
114016 15 BC line 3228 34   95 2.5 389 161 202 
114010 16 BC line 3223 34 107 2.2 389 160 202 
114023 17 BC line 3219 33 105 2.3 384 161 190 
114011 18 BC line 3209 35 102 2.5 382 162 196 
114002 19 BC line 3186 34 106 2.0 387 162 201 
114026 20 IA3045 3177 32 105 2.3 390 162 203 
114021 21 BC line 3171 33   98 1.8 379 164 186 
114006 22 BC line 3132 33 103 1.8 389 164 205 
114004 23 BC line 3101 32 101 2.0 382 164 197 
114019 24 BC line 3075 35   99 2.7 396 151 185 
114003 25 BC line 3068 34 104 2.7 388 163 203 
114017 26 BC line 3057 35   89 2.8 395 153 193 
114013 27 BC line 3037 34 105 2.3 388 163 211 
114018 28 BC line 3031 35 101 3.0 389 157 199 
            LSD (0.05)#   336   1    7 0.6    5    4    6 
  SEM††   118   0    2 0    2    1    2 
           X  BC lines 3237ns‡‡    33ns    102ns     2.0ns    386ns    161ns    198** 
  IA3045 3278 33 104 2.0 387 163 204 
* Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.01 probability 
level. 
† IA3045= rag1rag1rag2rag2 parent, A08-123074= Rag1Rag1rag2rag2 parent, and BC line= Rag1Rag1rag2rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A22.  Entry and type means for agronomic and seed traits of backcross lines, IA3045, and A08-123074 grown 
at Eldora, IA, in 2011. 
Entry Yield Type† Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank  kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
114012 1 BC line 3467 34 114 2.8 375 165 215 
114023 2 BC line 3440 34 118 3.2 367 165 208 
114022 3 BC line 3426 34 117 3.0 371 163 201 
114008 4 BC line 3405 32 116 3.2 369 171 208 
114026 5 IA3045 3338 33 117 2.3 375 166 218 
114020 6 BC line 3323 33 117 2.7 357 173 198 
114005 7 BC line 3297 32 112 2.8 355 173 197 
114028 8 A08-123074 3295 34 101 2.8 360 165 213 
114025 9 BC line 3291 35 121 3.0 367 168 207 
114003 10 BC line 3269 35 113 3.0 369 166 212 
114021 11 BC line 3255 34 114 2.8 364 165 198 
114027 12 IA3045 3231 34 115 3.3 366 168 207 
114001 13 BC line 3196 34 115 3.0 369 165 234 
114006 14 BC line 3158 33 112 2.8 372 170 228 
114019 15 BC line 3157 35 106 3.2 374 154 192 
114024 16 BC line 3152 35 114 3.0 361 167 194 
114004 17 BC line 3133 33 117 2.7 362 169 208 
114007 18 BC line 3054 32 111 2.5 359 171 206 
114002 19 BC line 2981 35 119 3.0 372 166 210 
114010 20 BC line 2977 36 118 3.2 373 162 206 
114016 21 BC line 2960 36 109 3.3 368 165 205 
114014 22 BC line 2945 34 115 2.5 373 163 214 
114018 23 BC line 2936 35 109 3.3 377 162 209 
114009 24 BC line 2925 35 120 2.8 375 159 217 
114015 25 BC line 2877 34 109 2.8 375 164 230 
114011 26 BC line 2828 35 118 3.2 359 169 202 
114013 27 BC line 2586 34 115 3.0 362 169 216 
114017 28 BC line 2531 36 103 3.3 372 158 195 
            LSD (0.05)#   473   1        5 0.7     9     4   16 
  SEM††   168   0    2 0     3     2     6 
           X  BC lines 3103ns‡‡     34**    114ns    3.0ns    368ns    166ns    208ns 
  IA3045 3284 33 116 3.0 371 167 213 
* Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.01 probability 
level. 
† IA3045= rag1rag1rag2rag2 parent, A08-123074= Rag1Rag1rag2rag2 parent, and BC line= Rag1Rag1rag2rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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Table A23.  Entry and type means for agronomic and seed traits of backcross lines, IA3045, and A08-123074 grown 
at Rippey, IA, in 2011. 
Entry Yield Type† Yield Maturity Height Lodging Protein Oil Seed Wt. 
 rank  kg ha
-1
 days‡ cm score§ g kg-1¶ g kg-1 mg sd-1 
114021 1 BC line 2940 31 97 2.0 364 168 189 
114024 2 BC line 2896 32 97 2.2 367 169 191 
114020 3 BC line 2851 30 94 1.8 365 175 192 
114007 4 BC line 2685 30 97 1.7 374 168 200 
114002 5 BC line 2636 31   101 2.0 378 166 203 
114006 6 BC line 2578 30 95 1.8 377 171 209 
114008 7 BC line 2562 29 94 1.8 374 175 192 
114026 8 IA3045 2561 30   102 1.7 373 173 200 
114013 9 BC line 2535 31 95 2.0 371 171 210 
114011 10 BC line 2529 31 95 2.2 376 166 196 
114027 11 IA3045 2518 30 97 1.8 376 171 205 
114004 12 BC line 2491 30 95 1.8 367 173 197 
114012 13 BC line 2487 30 97 2.2 381 168 209 
114028 14 A08-123074 2456 31 81 1.5 365 172 198 
114019 15 BC line 2428 31 91 2.2 384 157 188 
114001 16 BC line 2399 30 95 1.8 376 172 193 
114015 17 BC line 2359 30 93 1.7 378 168 213 
114022 18 BC line 2344 30 94 1.7 376 170 188 
114005 19 BC line 2328 29 95 1.7 368 174 185 
114017 20 BC line 2300 31 88 2.3 384 158 195 
114003 21 BC line 2297 30 94 1.7 376 171 198 
114023 22 BC line 2293 30 94 1.5 374 167 188 
114010 23 BC line 2266 31 98 1.5 372 167 200 
114016 24 BC line 2260 31 93 2.2 374 167 200 
114014 25 BC line 2254 30 97 1.7 372 169 202 
114009 26 BC line 2093 31 97 1.5 385 162 203 
114025 27 BC line 2081 30 96 1.7 371 169 189 
114018 28 BC line 1985 30 89 1.7 380 169 199 
            LSD (0.05)#   534   1   8     0.6     8     5    9 
  SEM††   164   0   3 0     3     2    3 
           X  BC lines   2448*        30ns‡‡      95**    2.0ns    375ns    168**  197* 
  IA3045 2709 30 100 2.0 374 172 203 
* Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.05 probability level. 
** Significant difference between the mean of backcross lines and two entries of IA3045 at the 0.01 probability 
level. 
† IA3045= rag1rag1rag2rag2 parent, A08-123074= Rag1Rag1rag2rag2 parent, and BC line= Rag1Rag1rag2rag2 
backcross line.  
‡ Days after 31 August. 
§ Score 1 (all plants erect) to 5 (all plants prostrate). 
¶ Protein and oil concentration based on a moisture basis of 130 g kg
-1
. 
# Least significant difference at the 0.05 probability level. 
†† Standard error of the mean calculated with the error mean squares as the error term.  
‡‡ ns = differences between means of backcross lines and the two entries of IA3027 were not significant at the 0.05 
probability level. 
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The linear additive model used for the analysis of variance of CPMMV-L incidence 
across environments was: 
  Yijk =  µ + Ei + RP(i)j+ Gk + GEik + ε(i)jk 
where, 
 Yijk = the observed value of the k
th
 genotype, j
th
 replication, and the i
th
 environment, 
 µ = the overall mean, 
 Ei = the random effect of the i
th
 environment, 
 RP(i)j= the random effect of the j
th
 replication within the i
th
 environment, 
 Gk = the random effect of the k
th 
genotype, 
 GEik = the effect of the interaction between the i
th
 environment and the k
th
 genotype, and 
 ε(i)jk= the error associated with the ijk
th
 observation. 
Table B1.  Analysis of variance and expected mean squares across environments. 
Sources of Variation Degrees of Freedom Expected Mean Squares 
Environment (E) (e-1) σ2ε + rpσ
2
GE + gσ
2
RP + rpgσ
2
E 
Replication/E (RP)  e(rp-1) σ2ε + gσ
2
RP 
Genotype (G) (g-1) σ2ε + rpσ
2
GE + erpσ
2
G 
    Resistant    (r-1) σ2ε + rpσ
2
RE + erpσ
2
R 
    Susceptible    (s-1) σ2ε + rpσ
2
SE + erpσ
2
S 
    Resistant vs. Susceptible    1 σ2ε + rpσ
2
(R vs.S)E + erpσ
2
R vs. S 
G x E (e-1)(g-1) σ2ε + rpσ
2
GE 
     Resistant x E    (e-1)(r-1) σ2ε + rpσ
2
RE 
     Susceptible x E    (e-1)(s-1) σ2ε + rpσ
2
SE 
     Resistant vs. Susceptible x E    (e-1)(1) σ2ε + rpσ
2
(R vs. S)E 
Error e(rp-1)(g-1) σ2ε 
Total erpg-1  
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Table B2. Analysis of variance for CPMMV-L incidence of F2-derived lines from the IA3023 x 
IA3024 cross, evaluated in Puerto Rico and Mexico during 2011. 
  Mean Squares  
Sources of Variation df Incidence†  
  %  
Environment 1 1455.5 ns‡ 
Replication/Environment 3 2750.1 ** 
Genotype 99 2751.5 ** 
   Resistant 23 348.4 ns 
   Susceptible 75 706.4 ** 
   Resistant vs. Susceptible 1 210556.1 ** 
Genotype  x Environment 99 507.8 ns 
   Resistant x Environment 23 400.3 ns 
   Susceptible x Environment 75 548.2 ns 
   Resistant vs. Susceptible x Environment 1 213.6 ns 
Error 297 490.1  
CV (%)§  48.9  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†= number of CPMMV-L symptomatic plants divided by the total number of plants plot-1. 
‡ns = Not significant at the 0.05 probability level. 
§ = Coefficient of variation 
 
 
 
Table B3. Analysis of variance for CPMMV-L incidence of F2-derived lines, IA3023, and IA3024, 
evaluated in Puerto Rico and Mexico during 2011. 
  Mean Squares  
Sources of Variation df Incidence†  
  %  
Environment 1 1239.1 ns 
Replication/Environment 3 2828.8 ** 
Genotype 101 2790.6 ** 
   Resistant 24 336.8 ns 
   Susceptible 76 698.3 * 
   Resistant vs. Susceptible 1 210545.9 ** 
Genotype  x Environment 101 503.7 ns 
   Resistant x Environment 24 386.7 ns 
   Susceptible x Environment 76 547.8 ns 
   Resistant vs. Susceptible x Environment 1 210.7 ns 
Error 300 486.1  
CV (%)§  49.0  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†= number of CPMMV-L symptomatic plants divided by the total number of plants plot-1. 
‡ns = Not significant at the 0.05 probability level. 
§ = Coefficient of variation 
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The linear additive model for the analysis of variance of CPMMV-L incidence for each 
environment was: 
  Yij = µ + RPi + Gj + εij 
where, 
  Yij = the observed value of the j
th
 genotype within the i
th
 replication, 
 µ = the overall mean, 
 RPi = the random effect of the i
th
 replication, 
Gj = the random effect of the j
th
 genotype, and 
εij = the error associated with the ij
th
 observation. 
Table B4. Analysis of variance and expected mean squares at an individual environment. 
Sources of Variation Degrees of Freedom Expected Mean Squares 
Replication       (rp-1) σ2ε + gσ
2
RP 
Genotype      (g-1) σ2ε + rpσ
2
G 
    Resistant          (b-1) σ2ε + rpσ
2
R 
    Susceptible          (p-1) σ2ε + rpσ
2
S 
    Resistant vs. Susceptible          1 σ2ε + rpσ
2
R vs. S 
Error       (rp-1)(g-1) σ2ε 
Total       rpg-1  
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Table B5. Analysis of variance for CPMMV-L incidence of F2-derived lines from the IA3023 x 
IA3024 cross, evaluated in Mexico during 2011. 
  Mean Squares  
Sources of Variation df Incidence†  
  %  
Replication 1 695.6 ns‡ 
Genotype 99 1319.8 ** 
   Resistant 23 292.3 ns 
   Susceptible 75 541.4 ** 
   Resistant vs. Susceptible 1 83329.6 ** 
Error 99 321.9  
CV (%)§  41.6  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†= number of CPMMV-L symptomatic plants divided by the total number of plants plot-1. 
‡ns = Not significant at the 0.05 probability level. 
§ = Coefficient of variation 
 
 
 
 
 
 
Table B6. Analysis of variance for CPMMV-L incidence of F2-derived lines from the IA3023 x 
IA3024 cross, evaluated in Puerto Rico during 2011. 
  Mean Squares  
Sources of Variation df Incidence†  
  %  
Replication 2 3777.4 ** 
Genotype 99 2098.1 ** 
   Resistant 23 556.9 ns 
   Susceptible 75 756.0 ns 
   Resistant vs. Susceptible 1 137399.5 ** 
Error 198 566.7  
CV (%)§  51.3  
*Significant at p ≤ 0.05 
** Significant at p ≤ 0.01 
†= number of CPMMV-L symptomatic plants divided by the total number of plants plot-1. 
‡ns = Not significant at the 0.05 probability level. 
§ = Coefficient of variation 
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Table B7.  CPMMV-L incidence of 100 F2-derived soybean lines, F1 plants, parents, and checks phenotyped at 
Mexico and Puerto Rico in 2011. 
   Overall   Mexico     Puerto Rico   
Entry Type† Phenotype Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Rep 3 Mean 
   -----------------------------------------------%-------------------------------------------
---- 101001 F2-derived Susceptible 49 60 44 52 25 56 60 47 
101002 F2-derived Resistant 2 0 7 4 nd‡ 0 0 0 
101003 F2-derived Susceptible 50 59 54 57 71 0 67 46 
101004 F2-derived Susceptible 61 53 50 52 67 67 67 67 
101005 F2-derived Susceptible 64 50 38 44 80 70 80 77 
101006 F2-derived Susceptible 56 53 33 43 82 50 60 64 
101007 F2-derived Resistant 0 0 0 0 0 0 0 0 
101008 F2-derived Susceptible 70 57 75 66 75 63 78 72 
101009 F2-derived Susceptible 50 25 15 20 60 64 88 71 
101010 F2-derived Resistant 4 0 20 10 0 0 0 0 
101011 F2-derived Susceptible 55 61 60 61 20 83 50 51 
101012 F2-derived Susceptible 74 86 73 80 50 75 88 71 
101013 F2-derived Susceptible 73 50 46 48 92 88 88 89 
101014 F2-derived Susceptible 43 32 17 25 62 38 64 55 
101015 F2-derived Resistant 15 0 0 0 57 18 0 25 
101016 F2-derived Resistant 2 0 11 6 0 0 0 0 
101017 F2-derived Susceptible 47 37 75 56 20 33 70 41 
101018 F2-derived Susceptible 44 89 50 70 0 63 20 28 
101019 F2-derived Resistant 3 7 10 9 0 0 0 0 
101020 F2-derived Resistant 18 0 11 6 77 0 0 26 
101021 F2-derived Susceptible 49 71 43 57 17 70 45 44 
101022 F2-derived Susceptible 49 74 33 54 30 40 70 47 
101023 F2-derived Susceptible 38 32 23 28 38 40 55 44 
101024 F2-derived Susceptible 43 24 33 29 60 0 100 53 
101025 F2-derived Susceptible 51 40 25 33 29 86 77 64 
101026 F2-derived Susceptible 60 61 31 46 100 nd 46 73 
101027 F2-derived Susceptible 66 81 77 79 67 29 75 57 
101028 F2-derived Susceptible 52 21 88 55 33 50 69 51 
101029 F2-derived Susceptible 66 56 63 60 67 44 100 70 
101030 F2-derived Susceptible 56 75 30 53 100 29 44 58 
101031 F2-derived Susceptible 88 72 100 86 86 100 80 89 
101032 F2-derived Susceptible 55 67 40 54 63 40 64 56 
101033 F2-derived Resistant 3 5 11 8 0 0 0 0 
101034 F2-derived Susceptible 59 65 46 56 50 75 58 61 
101035 F2-derived Susceptible 78 71 56 64 100 77 86 88 
101036 F2-derived Susceptible 63 33 63 48 82 62 75 73 
101037 F2-derived Resistant 20 100 0 50 0 0 0 0 
101038 F2-derived Resistant 21 29 0 15 75 0 0 25 
101039 F2-derived Susceptible 72 78 80 79 83 38 80 67 
101040 F2-derived Susceptible 48 47 44 46 60 50 40 50 
† F2-derived = F2-derived line from IA3023 x IA3024 cross; F1 = F1 plants from IA3023 x IA3024 cross; IA3023 = 
resistant parent; IA3024 = susceptible parent; IA1024, IA3041, and IA2079 = resistant checks; IA2053, IA3026, and 
A07-621062 = susceptible checks.  
‡ nd = no data  
§ Standard error of the mean 
¶ Least significant difference at the 0.05 and 0.01 probability level. 
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Table B7.  Continued. 
   Overall   Mexico     Puerto Rico   
Entry Type Phenotype Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Rep 3 Mean 
   -----------------------------------------------%-------------------------------------------
---- 101041 F2-derived Susceptible 48 50 73 62 0 64 52 39 
101042 F2-derived Susceptible 47 68 43 56 33 22 69 41 
101043 F2-derived Susceptible 78 79 50 65 100 60 100 87 
101044 F2-derived Resistant 0 0 0 0 0 0 0 0 
101045 F2-derived Susceptible 58 45 33 39 70 60 82 71 
101046 F2-derived Susceptible 62 57 80 69 57 17 100 58 
101047 F2-derived Susceptible 53 60 71 66 67 8 58 44 
101048 F2-derived Resistant 5 0 0 0 25 0 0 8 
101049 F2-derived Susceptible 82 81 75 78 92 86 78 85 
101050 F2-derived Susceptible 61 44 60 52 75 40 86 67 
101051 F2-derived Resistant 0 0 0 0 0 0 0 0 
101052 F2-derived Susceptible 45 48 7 28 62 79 29 57 
101053 F2-derived Resistant 0 0 0 0 0 0 0 0 
101054 F2-derived Susceptible 63 93 50 72 50 22 100 57 
101055 F2-derived Susceptible 66 87 73 80 7 80 82 56 
101056 F2-derived Susceptible 58 60 70 65 63 25 70 53 
101057 F2-derived Susceptible 50 57 32 45 0 80 82 54 
101058 F2-derived Susceptible 63 67 50 59 80 80 40 67 
101059 F2-derived Resistant 23 0 70 35 0 38 7 15 
101060 F2-derived Resistant 5 27 0 14 0 0 0 0 
101061 F2-derived Susceptible 44 13 38 26 29 77 64 57 
101062 F2-derived Susceptible 65 56 44 50 100 67 58 75 
101063 F2-derived Susceptible 48 42 50 46 67 40 42 50 
101064 F2-derived Susceptible 52 52 28 40 50 50 80 60 
101065 F2-derived Susceptible 62 45 67 56 40 80 80 67 
101066 F2-derived Susceptible 49 72 50 61 0 40 85 42 
101067 F2-derived Susceptible 86 85 90 88 92 64 100 85 
101068 F2-derived Susceptible 41 41 30 36 33 22 78 44 
101069 F2-derived Susceptible 47 17 33 25 50 67 67 61 
101070 F2-derived Resistant 2 11 0 6 0 0 0 0 
101071 F2-derived Susceptible 74 71 69 70 57 71 100 76 
101072 F2-derived Susceptible 40 45 42 44 36 0 75 37 
101073 F2-derived Susceptible 44 46 67 57 20 50 38 36 
101074 F2-derived Susceptible 64 81 50 66 67 67 56 63 
101075 F2-derived Susceptible 60 5 75 40 71 50 100 74 
101076 F2-derived Susceptible 65 81 83 82 86 20 57 54 
101077 F2-derived Resistant 0 0 0 0 0 0 0 0 
101078 F2-derived Resistant 25 0 0 0 100 nd 0 50 
101079 F2-derived Susceptible 48 38 67 53 50 0 83 44 
101080 F2-derived Susceptible 45 68 63 66 38 0 56 31 
101081 F2-derived Susceptible 42 50 40 45 60 0 58 39 
101082 F2-derived Susceptible 65 63 71 67 29 60 100 63 
101083 F2-derived Susceptible 55 38 56 47 83 50 50 61 
101084 F2-derived Susceptible 42 52 27 40 36 40 55 44 
101085 F2-derived Susceptible 53 27 33 30 83 60 63 69 
101086 F2-derived Susceptible 44 86 89 88 0 0 44 15 
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Table B7.  Continued. 
   Overall   Mexico     Puerto Rico   
Entry Type Phenotype Mean Rep 1 Rep 2 Mean Rep 1 Rep 2 Rep 3 Mean 
   ---------------------------------------------%--------------------------------------------- 
101087 F2-derived Susceptible 49 94 11 53 57 20 63 47 
101088 F2-derived Resistant 1 0 7 4 0 0 0 0 
101089 F2-derived Resistant 13 0 0 0 0 67 0 22 
101090 F2-derived Susceptible 83 81 100 91 100 83 53 79 
101091 F2-derived Susceptible 41 40 38 39 0 58 70 43 
101092 F2-derived Susceptible 55 44 60 52 86 33 53 57 
101093 F2-derived Susceptible 54 27 50 39 57 70 67 65 
101094 F2-derived Susceptible 59 74 33 54 57 57 75 63 
101095 F2-derived Resistant 0 0 0 0 0 0 0 0 
101096 F2-derived Resistant 0 0 0 0 0 0 0 0 
101097 F2-derived Resistant 13 0 0 0 0 64 0 21 
101098 F2-derived Susceptible 85 80 57 69 90 100 100 97 
101099 F2-derived Susceptible 47 60 45 53 71 8 50 43 
101100 F2-derived Susceptible 70 69 50 60 67 64 100 77 
101101 IA3023 Resistant 3 0 14 7 0 0 0 0 
101102 IA3024 Susceptible 59 94 45 70 69 33 56 53 
101103 IA3041 Resistant 3 0 14 7 0 0 0 0 
101104 IA3026 Susceptible 71 72 42 57 92 92 59 81 
101105 IA1024 Resistant 1 0 7 4 0 0 0 0 
101106 IA2053 Susceptible 15 17 25 21 8 11 13 11 
101107 IA2079 Resistant 15 5 29 17 0 40 0 13 
101108 A07-621062 Susceptible 73 65 67 66 100 35 100 78 
101109 F1 Susceptible 100 nd nd nd 100 100 100 100 
           
 SEM§  10   13    14 
 LSD 0.05¶  28   36    38 
 LSD 0.01  37   48    51 
 
 
 
 
Table B8. Mean whitefly nymph density of parents and checks grown in Puerto Vallarta, Mexico, in 2011. 
Entry Name† CPMMV-L‡ Whitefly nymphs trifoliate-1§ 
101101 IA3023 Resistant 6 
101102 IA3024 Susceptible 2 
101103 IA3041 Resistant 6 
101104 IA3026 Susceptible 10 
101105 IA1024 Resistant 4 
101106 IA2053 Susceptible 7 
101107 IA2079 Resistant 5 
101108 A07-621062 Susceptible 3 
    
 X ¶ Resistant 5 
 X  Susceptible 5 
† Parents, IA3023 and IA3024, and checks evaluated for whitefly nymph density.   
‡ Resistance or susceptibility to CPMMV-L symptoms. 
§ Mean whitefly nymph density plant
-1
 during the R5 to R6 developmental stages (Fehr et al., 1971). 
¶ Overall mean whitefly nymph density of resistant and susceptible parents and checks. 
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Table C1. Analysis of variance for F2 plants grown at Puerto Rico in 2011. 
  Mean Squares  
  Population 1  Population 2  Population 3  
Sources of Variation df Inorganic P  Inorganic P  Inorganic P  
Replication 2       0.013 **       0.013 ns†       0.005 ** 
Genotype 8       4.807 **       4.889 **       4.177 ** 
Error 16       0.002        0.009        0.001  
CV (%)        3.9        9.0        3.1  
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
†ns = not significant at the 0.05 probability level. 
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Table C2. Mean fatty ester composition of individual F2 plants, parents, and checks grown at Puerto Rico in 2011. 
Population† Plant L1‡ L2§ Palmitate Stearate Oleate Linoleate Linolenate Saturates¶ 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 1 W W 34 27 281 591 67 61 
 2 M M 45 34 269 587 65 79 
 3 H W 37 29 279 586 69 66 
 4 M W 36 28 275 599 62 64 
 5 H M 39 32 308 566 55 71 
 6 H H 36 28 256 608 72 64 
 7 H W 38 29 303 573 57 67 
 8 W H 37 28 234 628 73 65 
 9 M H 35 29 266 602 68 64 
 10 H H 41 31 274 581 73 72 
 11 H H 35 27 376 494 68 62 
 12 M H 39 31 304 566 60 70 
 13 W M 38 29 289 574 70 67 
 14 H H 38 27 292 574 69 65 
 15 H H 35 29 279 588 69 64 
 16 M H 36 33 303 561 67 69 
 17 H H 34 27 291 584 64 61 
 18 W W 29 27 216 654 74 56 
 19 W H 36 29 283 590 62 65 
 20 M W 38 29 275 590 68 67 
 21 H H 35 27 252 620 66 62 
 22 H H 36 31 340 532 61 67 
 23 W H 32 30 280 595 63 62 
 24 H M 34 28 321 555 62 62 
 25 M M 40 31 307 557 65 71 
 26 M H 35 28 271 606 60 63 
 27 H M 37 29 245 614 75 66 
 28 M H 40 29 331 534 66 69 
 29 H H 41 29 310 557 63 70 
 30 W H 38 30 311 554 67 68 
 31 M M 36 29 264 608 63 65 
 32 H W 40 30 290 568 72 70 
 33 H W 34 28 298 578 62 62 
 34 W H 36 27 286 583 68 63 
 35 H H 42 29 309 554 66 71 
 36 W M 36 27 265 603 69 63 
 37 H M 40 34 268 589 69 74 
 38 H H 41 29 273 588 69 70 
 39 M M 46 32 298 563 61 78 
 40 W H 37 29 309 562 63 66 
 41 M W 36 31 269 601 63 67 
 42 H M 38 29 353 525 55 67 
 43 W H 37 29 274 593 67 66 
 44 H W 36 28 298 577 61 64 
† Population 1 = IA1025 x A09-960001-1; Population 2 = A08-253041 xA09-960001-4; Population 3 = A08-
253044 x A09-960001-5; all single plant values are the mean of three five-seed bulks analyzed using gas 
chromatography; all check values are the mean of three five-seed bulks from each of eight plants analyzed using gas 
chromatography. 
‡L1 = genotype of Lpa1, M = mutant, H = heterozygous, W = wild type. 
§L2 = genotype of Lpa2, M = mutant, H = heterozygous, W = wild type. 
¶Saturates = palmitate + stearate. 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 45 W W 31 27 231 647 64 58 
 46 M H 40 29 261 604 66 69 
 47 W M 30 28 237 641 64 58 
 48 H H 35 31 379 496 59 66 
 49 M H 38 32 290 576 64 70 
 50 W H 34 27 309 569 61 61 
 51 M M 34 29 285 594 58 63 
 52 M H 38 32 306 560 64 70 
 53 W H 38 29 288 578 67 67 
 54 H H 37 28 303 565 67 65 
 55 H H 38 29 288 580 65 67 
 56 H H 38 29 300 561 72 67 
 57 H M 38 29 258 608 67 67 
 58 H W 34 28 259 616 63 62 
 59 H W 33 30 270 604 63 63 
 60 W M 37 28 299 568 68 65 
 61 H H 36 29 290 582 63 65 
 62 H M 34 27 240 630 69 61 
 63 M M 49 33 267 582 69 82 
 64 H W 39 31 321 548 61 70 
 65 H M 33 26 351 531 59 59 
 66 H W 37 27 284 592 60 64 
 67 H H 37 31 317 556 59 68 
 68 M H 38 30 303 566 63 68 
 69 W M 40 29 275 586 70 69 
 78 M W 39 28 292 575 66 67 
 79 W W 41 27 279 584 69 68 
 81 H H 38 27 300 571 64 65 
 86 H W 37 28 307 566 62 65 
 87 H W 32 27 230 652 59 59 
 88 H W 39 29 271 598 63 68 
 89 M H 38 33 302 565 62 71 
 90 H M 35 28 326 550 61 63 
 91 M M 40 34 285 584 57 74 
 92 M W 36 31 370 505 58 67 
 93 M H 36 29 285 587 63 65 
 94 H H 39 31 289 571 70 70 
 95 H M 38 29 318 557 58 67 
 96 M H 44 29 251 606 70 73 
 97 H H 33 30 261 614 62 63 
 98 H H 37 30 289 579 65 67 
 99 H W 36 31 309 567 57 67 
 100 W M 36 27 259 612 66 63 
 101 H M 41 31 309 553 66 72 
 102 H H 40 30 276 586 68 70 
 103 H W 42 28 282 577 71 70 
 104 M W 40 30 259 604 67 70 
 105 H W 41 31 292 577 59 72 
 106 W W 35 29 297 576 63 64 
 107 W M 38 28 358 517 59 66 
 108 H H 32 31 277 603 57 63 
 109 H H 35 29 256 618 62 64 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 110 H H 40 29 264 593 74 69 
 111 H M 41 28 284 586 61 69 
 113 H W 34 27 345 536 58 61 
 114 H M 42 30 255 603 70 72 
 115 M M 44 34 300 561 61 78 
 116 H H 37 28 277 593 65 65 
 117 H W 38 28 281 588 65 66 
 118 W W 35 27 276 598 64 62 
 119 H H 36 30 314 558 62 66 
 120 W W 31 27 233 647 62 58 
 121 M H 31 28 258 615 68 59 
 122 W H 36 29 290 575 70 65 
 123 W M 38 29 241 624 68 67 
 124 M M 36 32 300 567 65 68 
 126 W M 42 32 296 563 67 74 
 128 H H 39 29 265 595 72 68 
 129 H H 36 28 275 592 69 64 
 130 H H 36 28 304 573 59 64 
 131 W W 33 28 236 637 66 61 
 132 W H 34 30 366 512 58 64 
 133 W H 34 28 287 585 66 62 
 134 W M 41 26 270 590 73 67 
 135 H H 35 27 320 553 65 62 
 136 H M 38 28 308 561 65 66 
 137 H M 36 29 224 639 72 65 
 138 M H 40 32 256 598 74 72 
 139 H M 36 27 233 635 69 63 
 140 W H 35 30 294 580 61 65 
 141 H H 32 27 219 647 75 59 
 142 H H 35 27 302 577 59 62 
 143 M H 46 31 240 609 74 77 
 144 W M 35 30 277 594 64 65 
 145 H H 36 28 213 648 75 64 
 146 H W 35 32 262 605 66 67 
 147 W M 37 28 316 558 61 65 
 148 H W 41 29 274 586 70 70 
 149 M M 43 31 257 600 69 74 
 150 M H 39 31 261 595 74 70 
 151 W M 34 27 256 616 67 61 
 153 W H 34 29 337 536 64 63 
 154 W M 35 30 350 523 62 65 
 155 W M 39 28 290 577 66 67 
 156 H M 35 30 308 561 66 65 
 157 W H 35 28 289 584 64 63 
 158 M W 36 30 348 524 62 66 
 159 W H 30 28 299 585 58 58 
 160 M H 43 30 274 582 71 73 
 161 H H 36 27 279 593 65 63 
 162 H H 45 28 311 547 69 73 
 163 W H 36 28 288 583 65 64 
 164 W W 34 26 304 573 63 60 
 165 H H 34 28 273 606 59 62 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 166 H H 33 29 291 586 61 62 
 167 M W 36 30 300 572 62 66 
 168 H H 39 29 290 577 65 68 
 169 M H 34 28 252 624 62 62 
 170 M H 41 30 286 575 68 71 
 171 H H 43 28 293 572 64 71 
 172 H W 33 28 268 607 64 61 
 173 H W 38 26 276 595 65 64 
 175 H W 38 30 323 546 63 68 
 176 H W 34 26 257 617 66 60 
 177 W W 34 27 255 615 69 61 
 178 W M 34 30 326 544 66 64 
 179 H H 36 31 286 583 64 67 
 180 H H 32 28 265 613 62 60 
 182 M H 38 29 246 615 72 67 
 183 H W 40 29 266 597 68 69 
 184 M H 36 28 281 589 66 64 
 185 H H 33 29 265 610 63 62 
 186 M H 36 32 310 562 60 68 
 187 H H 40 30 288 579 63 70 
 188 W H 34 29 356 523 58 63 
 189 H M 40 31 301 567 61 71 
 190 W H 43 28 312 555 62 71 
 191 H M 33 34 282 588 63 67 
 192 H H 41 29 304 558 68 70 
 193 H H 36 29 284 584 67 65 
 194 H W 36 30 303 564 67 66 
 195 W M 36 29 295 575 65 65 
 196 W H 34 28 271 600 67 62 
 197 W H 39 30 302 565 64 69 
 198 W W 36 30 326 545 63 66 
 199 H M 33 29 327 554 57 62 
 200 H M 37 30 313 554 66 67 
 201 H M 37 31 321 554 57 68 
 202 M H 40 28 266 601 65 68 
 203 H M 37 30 270 602 61 67 
 204 H H 34 31 266 600 69 65 
 205 M M 34 28 249 623 66 62 
 206 M M 37 30 271 597 65 67 
 207 M W 34 27 232 639 68 61 
 208 H H 42 30 260 593 75 72 
 209 W W 34 28 279 593 66 62 
 210 H H 36 31 298 571 64 67 
 211 W H 37 26 295 581 61 63 
 212 H H 38 29 290 582 61 67 
 213 M H 34 27 294 586 59 61 
 214 H M 34 27 251 620 68 61 
 215 H H 37 28 277 591 67 65 
 216 W H 37 29 292 578 64 66 
 217 H H 35 32 313 563 57 67 
 218 H M 36 29 293 572 70 65 
 219 H W 36 29 292 581 62 65 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 220 H W 31 26 247 625 71 57 
 221 W H 38 29 298 569 66 67 
 222 M H 37 27 255 609 72 64 
 223 W M 31 33 361 518 57 64 
 224 M M 40 33 301 559 67 73 
 225 M H 36 33 351 523 57 69 
 226 W M 37 29 277 587 70 66 
 227 H H 37 30 238 628 67 67 
 228 W M 40 28 261 598 73 68 
 229 H H 37 28 333 539 63 65 
 230 W H 35 27 341 537 60 62 
 231 W W 38 30 330 534 68 68 
 232 H H 33 28 256 618 65 61 
 233 M H 37 33 361 513 56 70 
 234 H W 36 31 285 584 64 67 
 235 H H 39 28 265 603 65 67 
 236 M H 38 32 267 593 70 70 
 237 M M 43 33 264 589 71 76 
 238 M M 33 31 458 425 53 64 
 240 H W 34 28 298 577 63 62 
 241 H W 33 33 330 546 58 66 
 242 H H 41 32 340 527 60 73 
 243 M M 42 33 283 579 63 75 
 244 H H 35 31 350 526 58 66 
 245 W M 43 29 297 562 69 72 
 246 M W 39 28 287 584 62 67 
 247 H W 37 28 307 568 60 65 
 248 M M 43 29 286 569 73 72 
 250 H H 37 28 308 566 61 65 
 251 H H 33 28 238 630 71 61 
 252 H H 37 28 305 571 59 65 
 253 H H 36 29 291 588 56 65 
 254 H H 39 29 280 589 63 68 
 255 H H 41 28 263 601 67 69 
 256 M W 36 27 269 603 65 63 
 257 W M 37 31 242 617 73 68 
 258 H H 37 33 277 586 67 70 
 259 W H 42 32 289 570 67 74 
 260 M H 42 33 305 556 64 75 
 261 W M 38 31 285 580 66 69 
 262 W M 41 29 252 607 71 70 
 263 H H 37 28 325 548 62 65 
 264 H H 37 27 283 583 70 64 
 265 M W 33 29 389 495 54 62 
 266 M H 42 29 279 578 72 71 
 267 M H 36 33 427 447 57 69 
 268 M H 38 29 299 569 65 67 
 269 M H 39 32 300 568 61 71 
 272 M H 35 30 236 623 76 65 
 273 H H 32 28 416 467 57 60 
 274 H H 36 29 317 549 69 65 
 275 H W 33 28 313 561 65 61 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 276 W W 34 33 367 504 62 67 
 277 H H 32 28 310 564 66 60 
 279 H H 33 28 348 527 64 61 
 280 W M 34 35 313 554 64 69 
 281 H W 35 29 327 545 64 64 
 282 H W 36 31 290 577 66 67 
 283 H M 35 35 302 564 64 70 
 284 M W 42 31 330 533 64 73 
 285 H W 34 28 299 575 64 62 
 286 M H 38 30 319 549 64 68 
 287 M H 40 30 247 612 71 70 
 288 H M 36 30 288 588 58 66 
 289 W H 35 30 306 568 61 65 
 290 H M 40 28 274 594 64 68 
 291 W H 31 27 286 597 59 58 
 292 M M 41 39 349 514 57 80 
 293 M H 39 33 309 557 62 72 
 294 H H 44 31 324 545 56 75 
 295 M W 42 30 291 566 71 72 
 296 M W 35 30 309 565 61 65 
 297 W W 36 26 306 571 61 62 
 298 H H 36 29 352 521 62 65 
 299 M W 36 30 287 582 65 66 
 301 W H 37 27 302 570 64 64 
 302 W H 30 30 287 592 61 60 
 303 H M 39 30 267 593 71 69 
 304 W W 34 28 297 571 70 62 
 305 H H 35 29 298 576 62 64 
 306 W W 33 29 298 578 62 62 
 307 W M 36 28 292 575 69 64 
 308 W M 36 31 317 554 62 67 
 309 H H 36 32 304 563 65 68 
 310 M H 35 27 263 610 65 62 
 311 H H 34 29 239 626 72 63 
 312 W H 37 33 314 549 67 70 
 313 H M 33 33 292 580 62 66 
 314 W H 38 30 282 587 63 68 
 315 M H 42 32 293 560 73 74 
 317 H H 41 34 357 508 60 75 
 318 W H 38 25 262 602 73 63 
 319 W H 34 27 266 609 64 61 
 321 M H 39 28 314 558 61 67 
 322 H W 34 28 336 538 64 62 
 323 H H 36 30 306 559 69 66 
 324 H M 36 30 339 529 66 66 
 325 M H 35 25 270 601 69 60 
 326 W M 35 27 350 530 58 62 
 327 H W 36 33 295 571 65 69 
 328 H M 37 32 320 548 63 69 
 329 M W 38 31 354 519 58 69 
 330 M H 32 31 307 573 57 63 
 331 M H 35 32 282 582 69 67 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 332 W H 34 31 308 564 63 65 
 333 H W 37 28 346 526 63 65 
 334 H W 32 26 236 631 75 58 
 335 W H 37 29 319 546 69 66 
 336 H H 32 27 255 624 62 59 
 337 H W 41 28 304 563 64 69 
 338 M W 38 29 230 625 78 67 
 339 H H 42 30 278 584 66 72 
 340 W H 34 30 311 565 60 64 
 341 H H 32 34 316 560 58 66 
 342 H W 35 31 340 532 62 66 
 343 W W 37 27 319 552 65 64 
 344 H H 39 28 287 581 65 67 
 345 H H 39 29 254 606 72 68 
 346 W W 31 33 365 509 62 64 
 347 W W 38 28 376 495 63 66 
 348 H H 34 32 388 484 62 66 
 349 M W 36 29 297 574 64 65 
 350 H M 39 29 256 604 72 68 
 351 M W 40 35 355 510 60 75 
 352 M H 44 31 251 608 66 75 
 353 H M 35 27 318 557 63 62 
 354 H H 33 28 315 570 54 61 
 355 M H 38 29 294 577 62 67 
 356 M H 44 29 293 568 66 73 
 357 M W 36 31 325 549 59 67 
 358 M H 39 30 382 493 56 69 
 359 H M 39 30 230 627 74 69 
 360 H M 46 31 251 600 72 77 
 361 H W 38 28 334 531 69 66 
 362 H H 35 28 294 584 59 63 
 363 W M 39 37 326 536 62 76 
 364 H H 36 28 303 569 64 64 
 365 H M 39 30 278 588 65 69 
 366 W W 36 27 268 602 67 63 
 367 H W 36 29 294 574 67 65 
 368 H W 31 32 323 556 58 63 
 369 W H 36 36 296 568 64 72 
 370 W W 39 29 296 565 71 68 
 371 W H 33 30 304 569 64 63 
 372 W M 39 30 316 547 68 69 
 373 H H 38 31 282 585 64 69 
 374 H H 38 29 291 576 66 67 
 375 H H 36 30 273 588 73 66 
 376 M M 41 31 250 617 61 72 
 377 H W 37 28 298 575 62 65 
 378 M H 40 32 269 593 66 72 
 379 M H 41 32 299 563 65 73 
 380 H W 37 30 282 587 64 67 
 381 W M 40 30 319 544 67 70 
 382 H W 33 29 236 637 65 62 
 383 H M 41 29 281 584 65 70 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 384 H H 39 29 268 593 71 68 
 386 H H 37 35 389 486 53 72 
 387 W W 31 28 224 654 63 59 
 388 W M 35 29 285 593 58 64 
 389 W H 40 29 290 574 67 69 
 390 H H 40 28 304 563 65 68 
 391 H H 45 33 327 534 61 78 
 392 H H 39 36 288 576 61 75 
 393 H H 43 30 271 586 70 73 
 394 W M 38 28 285 581 68 66 
 395 H M 41 30 305 561 63 71 
 396 W H 31 34 298 582 55 65 
 397 H H 41 37 393 479 50 78 
 398 H M 38 27 279 589 67 65 
 399 H H 36 32 284 585 63 68 
 400 H H 36 28 276 605 55 64 
 401 H H 36 32 264 609 59 68 
 402 M H 48 29 293 567 63 77 
 403 M W 42 31 292 572 63 73 
 404 M H 43 29 288 574 66 72 
 405 H H 42 31 296 568 63 73 
 406 H W 38 28 298 573 63 66 
 407 M H 34 27 297 580 62 61 
 408 W H 38 29 307 568 58 67 
 409 W H 34 28 302 582 54 62 
 410 W M 43 30 327 536 64 73 
 411 H M 34 31 256 617 62 65 
 412 H W 41 27 268 596 68 68 
 413 M W 39 28 310 563 60 67 
 414 M W 40 29 268 603 60 69 
 415 M H 41 35 311 556 57 76 
 416 H M 34 28 274 608 56 62 
 417 H W 41 30 308 560 61 71 
 418 W W 36 29 277 588 70 65 
 419 M H 44 30 272 590 64 74 
 420 H H 39 31 282 582 66 70 
 421 M W 40 30 294 572 64 70 
 422 W H 36 27 290 582 65 63 
 423 W H 33 34 332 542 59 67 
 424 M H 43 30 281 585 61 73 
 425 H M 38 32 274 594 62 70 
 427 H H 37 31 297 569 66 68 
 428 M M 54 32 277 573 64 86 
 429 W H 41 30 240 623 66 71 
 430 H H 34 27 248 624 67 61 
 431 M W 35 26 306 575 58 61 
 433 W M 33 27 232 634 74 60 
 434 M H 43 28 246 614 69 71 
 435 H H 35 27 277 591 70 62 
 436 W H 37 29 269 601 64 66 
 437 H H 35 30 262 606 67 65 
 438 W M 35 28 312 567 58 63 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 439 H H 39 29 251 617 64 68 
 440 H M 38 28 273 599 62 66 
 441 M M 41 29 308 568 54 70 
 442 M H 42 31 299 569 59 73 
 443 W W 31 29 325 562 53 60 
 444 M M 38 32 404 471 55 70 
 445 W W 38 29 266 599 68 67 
 446 H H 37 27 288 584 64 64 
 447 W W 32 26 233 645 64 58 
 448 H H 37 28 293 578 64 65 
 449 W H 40 29 305 562 64 69 
 450 W H 35 29 301 573 62 64 
 451 H H 41 31 227 627 74 72 
 452 M H 38 29 307 566 60 67 
 453 W W 34 35 318 557 56 69 
 454 H H 37 28 342 535 58 65 
 455 W H 33 28 246 631 62 61 
 456 H W 32 25 287 598 58 57 
 457 H M 46 33 273 577 71 79 
 458 M H 43 30 336 529 62 73 
 459 M H 42 29 283 577 69 71 
 460 W H 37 24 294 581 64 61 
 461 H W 38 34 225 621 82 72 
 462 W H 37 27 298 574 64 64 
 463 H W 36 27 258 610 69 63 
 464 H W 36 32 302 567 63 68 
 465 H H 34 30 262 616 58 64 
 466 W H 31 26 245 637 61 57 
 467 H H 32 27 244 634 63 59 
 468 H H 33 31 297 573 66 64 
 469 H H 34 32 303 563 68 66 
 470 M H 34 30 288 589 59 64 
 471 W H 32 29 259 608 72 61 
 472 H H 33 28 291 581 67 61 
 473 H W 34 26 348 530 62 60 
 474 M H 42 33 288 568 69 75 
 475 H H 40 28 296 562 74 68 
 476 W M 33 32 272 599 64 65 
 477 H H 34 26 263 611 66 60 
 478 H W 35 29 338 538 60 64 
 479 W W 33 27 315 562 63 60 
 480 W M 38 31 273 593 65 69 
 481 H W 38 31 307 559 65 69 
 482 H H 38 27 241 620 74 65 
 484 W H 38 29 338 535 60 67 
 485 H H 35 28 281 593 63 63 
 486 W M 37 29 315 557 62 66 
 487 H H 34 28 218 651 69 62 
 488 W H 38 28 321 547 66 66 
 489 W H 36 30 290 576 68 66 
 490 M W 31 30 287 592 60 61 
 491 M H 38 31 253 608 70 69 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
1 492 H H 40 28 301 566 65 68 
 493 W W 36 28 287 580 69 64 
 494 W M 37 28 307 565 63 65 
 495 M H 43 30 266 594 67 73 
 496 M M 48 32 285 570 65 80 
 497 M H 36 31 217 641 75 67 
 498 H M 43 32 317 546 62 75 
 499 W M 42 31 294 568 65 73 
 500 H M 38 28 314 557 63 66 
 501 H H 37 35 399 471 58 72 
 502 M H 37 31 274 595 63 68 
 503 H H 38 32 306 556 68 70 
 504 H M 38 30 286 582 64 68 
 505 W M 36 27 276 601 60 63 
 506 M H 37 28 412 463 60 65 
 507 M W 37 29 286 581 67 66 
 508 M M 40 29 323 546 62 69 
 509 H H 35 27 308 567 63 62 
 510 M H 38 28 272 595 67 66 
 511 W M 35 33 399 479 54 68 
 512 W H 37 27 316 562 58 64 
 513 H H 39 30 305 562 64 69 
 514 H H 37 29 304 568 62 66 
 515 W M 38 27 308 569 58 65 
 516 W M 33 27 291 587 62 60 
 517 M W 37 30 297 571 65 67 
 518 M M 40 32 289 579 60 72 
 519 H W 36 29 306 566 63 65 
 520 H M 40 30 266 599 65 70 
 521 W M 40 31 272 594 63 71 
 522 W M 34 29 265 606 66 63 
 524 H H 35 26 263 610 66 61 
 525 M W 42 27 295 570 66 69 
2 701 W H 33 29 283 594 61 62 
 702 W H 36 28 365 506 65 64 
 703 H H 35 29 269 605 62 64 
 704 W H 44 30 260 597 69 74 
 705 M W 31 33 274 604 58 64 
 706 H W 37 27 276 600 60 64 
 707 H W 39 32 254 609 66 71 
 708 H H 31 30 272 608 59 61 
 709 W W 31 27 227 653 62 58 
 710 W H 36 27 281 593 63 63 
 711 W H 37 29 245 622 67 66 
 712 H M 33 28 270 610 59 61 
 713 W H 29 27 252 632 60 56 
 714 M W 34 28 250 619 69 62 
 715 M H 30 28 239 640 63 58 
 716 W W 34 28 271 604 63 62 
 717 W H 40 27 284 586 63 67 
 718 W W 33 27 289 589 62 60 
 719 H H 40 30 299 567 64 70 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 720 M M 34 29 276 604 57 63 
 721 H W 31 27 238 643 61 58 
 722 H H 34 27 311 569 59 61 
 723 H M 39 30 295 574 62 69 
 724 M H 39 33 283 584 61 72 
 725 H H 35 28 274 597 66 63 
 726 H H 37 29 269 600 65 66 
 727 W M 35 27 310 571 57 62 
 728 W H 35 30 259 610 66 65 
 729 H H 31 29 261 621 58 60 
 730 W H 30 32 310 571 57 62 
 731 H M 37 27 298 580 58 64 
 732 W W 37 29 246 620 68 66 
 733 H W 34 28 317 560 61 62 
 734 M W 31 33 230 642 64 64 
 735 H H 37 29 285 588 61 66 
 736 H H 36 26 292 587 59 62 
 737 H M 39 30 266 604 61 69 
 738 H M 33 31 215 652 69 64 
 739 W M 37 30 267 598 68 67 
 740 H H 43 30 258 602 67 73 
 741 H W 39 26 311 569 55 65 
 742 M W 31 28 274 611 56 59 
 743 H W 33 28 292 590 57 61 
 744 H M 36 31 288 583 62 67 
 745 H H 31 31 244 627 67 62 
 746 W M 40 29 289 577 65 69 
 747 W W 33 27 271 603 66 60 
 748 H H 35 25 315 568 57 60 
 750 W W 36 26 251 621 66 62 
 751 H W 34 29 254 621 62 63 
 752 H H 40 28 273 592 67 68 
 753 H W 34 29 249 620 68 63 
 754 M H 34 30 237 638 61 64 
 755 H W 41 28 259 606 66 69 
 756 M H 41 29 253 610 67 70 
 757 H M 39 31 272 595 63 70 
 758 M H 39 29 279 594 59 68 
 759 M H 39 30 253 616 62 69 
 760 W H 34 33 295 579 59 67 
 761 H H 36 28 254 616 66 64 
 762 H M 42 30 260 601 67 72 
 763 H H 37 28 267 600 68 65 
 764 H H 36 27 286 586 65 63 
 765 M W 35 28 281 596 60 63 
 766 W H 34 32 264 603 67 66 
 767 H H 37 29 294 577 63 66 
 768 H W 29 27 250 630 64 56 
 769 H H 35 29 282 591 63 64 
 770 H W 38 27 298 574 63 65 
 771 M H 39 28 273 594 66 67 
 772 M H 37 33 286 585 59 70 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 773 H W 40 28 281 588 63 68 
 774 H H 31 29 237 640 63 60 
 775 H M 32 27 234 643 64 59 
 776 W M 38 29 251 612 70 67 
 777 M H 40 28 274 595 63 68 
 778 M H 34 31 244 625 66 65 
 780 H H 41 29 299 566 65 70 
 781 W M 40 29 307 564 60 69 
 782 H H 40 30 316 554 60 70 
 783 W H 35 30 320 557 58 65 
 784 H H 34 27 285 592 62 61 
 785 W H 33 28 309 575 55 61 
 786 M H 36 33 249 615 67 69 
 787 M W 37 32 259 607 65 69 
 788 M H 45 33 309 549 64 78 
 789 H H 35 34 266 595 70 69 
 790 H W 38 28 294 575 65 66 
 791 H W 33 26 303 577 61 59 
 792 W W 27 25 239 644 65 52 
 793 H H 38 28 286 584 64 66 
 794 H H 38 31 238 622 71 69 
 795 H H 41 28 261 604 66 69 
 796 H W 35 27 329 551 58 62 
 797 H W 32 29 257 616 66 61 
 798 H W 39 28 266 605 62 67 
 799 W H 32 26 265 613 64 58 
 800 H H 34 28 298 580 60 62 
 801 W H 32 25 279 604 60 57 
 802 H W 35 27 279 595 64 62 
 803 H M 46 31 297 563 63 77 
 804 H M 34 30 242 629 65 64 
 805 H H 33 29 243 631 64 62 
 806 H W 31 29 261 617 62 60 
 807 W W 31 28 282 599 60 59 
 808 M M 38 33 268 601 60 71 
 809 H H 32 30 255 620 63 62 
 810 W M 30 28 259 622 61 58 
 811 H M 35 31 258 609 67 66 
 812 H M 39 31 244 616 70 70 
 813 M M 37 29 232 637 65 66 
 814 W W 35 27 306 572 60 62 
 815 H H 34 28 260 612 66 62 
 816 W W 31 24 308 581 56 55 
 817 H H 36 30 272 598 64 66 
 818 H M 42 33 267 593 65 75 
 819 H W 42 28 280 582 68 70 
 820 M M 35 29 247 629 60 64 
 821 W H 37 27 297 577 62 64 
 822 W H 30 27 231 647 65 57 
 823 H H 34 30 254 621 61 64 
 824 W H 33 28 262 617 60 61 
 825 M W 37 30 264 604 65 67 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 826 W H 35 28 299 576 62 63 
 827 H W 36 30 314 562 58 66 
 828 H H 37 29 289 582 63 66 
 829 M H 41 31 266 599 63 72 
 830 M W 40 31 290 573 66 71 
 831 W H 35 30 267 602 66 65 
 832 M H 32 29 267 614 58 61 
 833 H W 34 28 268 606 64 62 
 834 W H 30 29 255 621 65 59 
 835 H M 33 29 253 623 62 62 
 836 M H 39 30 259 606 66 69 
 837 M W 32 27 230 644 67 59 
 838 W W 36 27 265 605 67 63 
 839 H H 37 27 273 598 65 64 
 840 H H 42 28 269 594 67 70 
 841 W M 33 27 272 606 62 60 
 842 H H 39 30 248 611 72 69 
 843 M W 39 28 292 577 64 67 
 844 H W 41 30 310 558 61 71 
 845 H H 36 29 302 577 56 65 
 846 H M 36 30 257 614 63 66 
 847 M H 35 30 231 637 67 65 
 848 W H 36 31 315 560 58 67 
 849 H W 36 31 247 619 67 67 
 850 M W 44 29 265 598 64 73 
 851 H H 34 29 278 598 61 63 
 852 H W 29 27 251 634 59 56 
 853 W H 34 28 317 563 58 62 
 854 W H 31 30 272 608 59 61 
 855 H H 33 31 304 573 59 64 
 856 H H 35 29 267 605 64 64 
 857 W W 40 29 297 573 61 69 
 858 M H 50 30 269 584 67 80 
 859 M H 38 31 274 598 59 69 
 860 H H 35 29 295 580 61 64 
 861 H M 41 30 282 580 67 71 
 862 H H 38 26 282 596 58 64 
 863 M H 40 28 272 600 60 68 
 864 M H 32 28 237 638 65 60 
 865 H H 39 32 263 599 67 71 
 866 H H 38 31 288 583 60 69 
 867 M W 38 30 288 582 62 68 
 868 M W 36 28 295 583 58 64 
 869 H H 33 28 291 593 55 61 
 870 W H 34 27 280 596 63 61 
 871 W M 33 28 283 596 60 61 
 872 M M 43 34 325 542 56 77 
 873 W M 39 30 276 594 61 69 
 874 W H 30 30 241 638 61 60 
 875 W M 37 31 267 601 64 68 
 876 M H 33 29 251 623 64 62 
 877 W H 33 28 277 598 64 61 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 878 W M 33 30 274 602 61 63 
 879 H M 48 34 277 574 67 82 
 880 H W 36 29 260 609 66 65 
 881 M W 42 33 306 560 59 75 
 882 M H 45 35 277 578 65 80 
 883 H W 34 29 275 596 66 63 
 885 H M 42 34 293 568 63 76 
 886 H M 42 29 310 557 62 71 
 887 H H 32 28 225 648 67 60 
 888 H W 33 29 247 623 68 62 
 889 H M 39 28 268 602 63 67 
 890 H H 31 26 238 640 65 57 
 891 H W 34 26 250 627 63 60 
 892 H M 39 30 246 616 69 69 
 893 M M 50 32 250 596 72 82 
 894 H H 30 33 307 572 58 63 
 895 H W 37 28 307 566 62 65 
 896 H H 38 28 252 611 71 66 
 897 H H 33 28 228 648 63 61 
 898 W W 36 28 283 583 70 64 
 899 W W 34 29 269 603 65 63 
 900 H W 42 28 266 599 65 70 
 901 W W 36 26 269 606 63 62 
 902 H H 36 28 289 584 63 64 
 903 W H 37 29 288 581 65 66 
 904 M H 40 30 245 618 67 70 
 905 W M 40 27 257 605 71 67 
 906 W W 37 30 246 619 68 67 
 907 W M 30 24 234 649 63 54 
 908 H H 39 29 239 623 70 68 
 909 H H 38 29 283 590 60 67 
 910 H H 40 31 241 616 72 71 
 911 H M 42 27 259 605 67 69 
 912 H H 45 28 265 595 67 73 
 913 H H 40 29 253 614 64 69 
 914 W W 33 27 236 637 67 60 
 915 H M 36 29 257 616 62 65 
 916 H H 35 27 279 595 64 62 
 917 H H 35 28 273 599 65 63 
 918 W M 40 28 303 564 65 68 
 919 W H 36 36 301 567 60 72 
 920 H H 40 28 268 599 65 68 
 921 H M 40 28 277 595 60 68 
 922 M H 40 28 281 586 65 68 
 923 M M 45 33 295 568 59 78 
 924 W M 34 32 303 574 57 66 
 925 M H 43 33 314 548 62 76 
 926 H W 38 27 305 568 62 65 
 927 H H 41 27 264 599 69 68 
 928 W W 32 29 251 628 60 61 
 929 H M 40 27 276 599 58 67 
 930 H H 37 32 300 568 63 69 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 931 M H 31 46 471 403 49 77 
 932 H W 35 33 298 571 63 68 
 933 M H 41 35 299 564 61 76 
 934 W H 38 28 291 576 67 66 
 935 H M 39 27 298 576 60 66 
 936 M W 43 27 257 602 71 70 
 937 M W 37 29 289 585 60 66 
 938 W H 37 28 263 607 65 65 
 939 H W 41 27 288 580 64 68 
 940 H M 30 28 236 641 65 58 
 941 W H 32 30 233 638 67 62 
 942 M H 37 32 291 581 59 69 
 943 H H 42 28 284 583 63 70 
 944 H H 37 28 257 610 68 65 
 945 W M 39 29 309 561 62 68 
 946 W H 30 26 273 612 59 56 
 947 W M 40 28 268 597 67 68 
 948 M H 42 28 306 564 60 70 
 949 H W 33 28 242 627 70 61 
 950 H H 37 27 241 629 66 64 
 951 H H 31 27 257 618 67 58 
 952 H M 40 30 284 580 66 70 
 953 W H 31 27 244 636 62 58 
 954 H H 35 28 242 631 64 63 
 955 H W 32 33 242 627 66 65 
 956 H H 40 29 302 567 62 69 
 957 H H 35 28 288 585 64 63 
 958 H H 37 29 292 583 59 66 
 959 H W 32 29 253 622 64 61 
 960 H W 37 30 316 555 62 67 
 961 H H 37 30 300 574 59 67 
 962 M H 39 31 277 589 64 70 
 963 M W 37 31 305 566 61 68 
 964 W H 29 27 242 639 63 56 
 965 W W 37 31 277 597 58 68 
 966 H H 36 30 275 590 69 66 
 967 W W 34 28 286 590 62 62 
 968 H H 33 32 321 559 55 65 
 969 H M 33 29 236 637 65 62 
 970 H H 37 31 325 541 66 68 
 971 M H 36 31 290 585 58 67 
 972 H H 41 30 247 609 73 71 
 973 W H 33 27 274 600 66 60 
 974 M H 41 29 276 595 59 70 
 975 W M 35 32 304 565 64 67 
 976 H H 38 30 286 584 62 68 
 977 W H 36 28 274 597 65 64 
 978 W M 35 26 266 610 63 61 
 979 H H 31 32 259 616 62 63 
 980 H H 38 33 312 556 61 71 
 981 M H 32 33 423 459 53 65 
 982 H W 35 38 320 546 61 73 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 983 H H 36 29 277 596 62 65 
 984 H H 34 31 299 576 60 65 
 985 M M 41 33 312 554 60 74 
 986 H H 37 31 297 571 64 68 
 987 H H 35 31 348 532 54 66 
 988 W W 38 31 295 572 64 69 
 989 H H 39 36 287 574 64 75 
 990 W H 39 30 296 573 62 69 
 991 W H 35 33 268 603 61 68 
 992 H H 42 31 291 569 67 73 
 993 W H 30 33 283 594 60 63 
 994 H M 33 31 279 594 63 64 
 995 H M 38 32 327 546 57 70 
 996 M H 37 36 303 565 59 73 
 997 H H 32 36 325 550 57 68 
 998 H W 35 33 313 560 59 68 
 999 W H 35 34 306 563 62 69 
 1000 M W 35 33 302 567 63 68 
 1001 M H 36 35 373 500 56 71 
 1002 H W 35 31 276 596 62 66 
 1003 H M 39 35 297 571 58 74 
 1004 H W 35 34 305 568 58 69 
 1005 H W 35 32 309 562 62 67 
 1006 H M 38 31 315 557 59 69 
 1007 H M 33 38 341 533 55 71 
 1008 W M 34 31 317 558 60 65 
 1009 H H 40 30 292 576 62 70 
 1010 H M 42 30 301 565 62 72 
 1012 H M 42 31 314 551 62 73 
 1013 M H 38 34 335 538 55 72 
 1014 H M 38 28 262 608 64 66 
 1015 M H 40 33 304 560 63 73 
 1016 W W 32 27 422 466 53 59 
 1017 M M 42 31 319 548 60 73 
 1018 W M 32 26 258 623 61 58 
 1019 H H 39 33 307 557 64 72 
 1020 M H 47 32 253 602 66 79 
 1021 H M 44 29 273 584 70 73 
 1022 H H 41 29 291 576 63 70 
 1023 M W 38 37 332 535 58 75 
 1024 W H 33 33 323 552 59 66 
 1025 W M 36 32 277 591 64 68 
 1026 M M 34 29 282 596 59 63 
 1027 M H 42 31 261 596 70 73 
 1028 W H 35 32 420 451 62 67 
 1029 H W 33 28 291 588 60 61 
 1030 H H 32 46 485 387 50 78 
 1031 H H 38 32 274 587 69 70 
 1032 H H 43 31 295 567 64 74 
 1033 M H 42 28 290 580 60 70 
 1034 H M 37 29 252 618 64 66 
 1035 M H 43 31 280 579 67 74 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 1036 W H 38 30 275 593 64 68 
 1037 M H 47 33 292 563 65 80 
 1038 W W 39 28 281 589 63 67 
 1039 H W 38 28 298 577 59 66 
 1040 W H 38 31 275 588 68 69 
 1041 M W 37 29 267 608 59 66 
 1042 M H 46 31 300 565 58 77 
 1043 H W 39 31 302 567 61 70 
 1044 H M 43 36 328 536 57 79 
 1045 H W 36 31 317 559 57 67 
 1046 W H 38 31 311 559 61 69 
 1047 W M 38 30 260 607 65 68 
 1048 H W 36 30 255 615 64 66 
 1049 M H 38 30 303 571 58 68 
 1050 H H 31 30 259 619 61 61 
 1051 W H 37 32 305 565 61 69 
 1052 H W 32 29 289 589 61 61 
 1053 H H 35 28 292 584 61 63 
 1054 W H 34 33 305 568 60 67 
 1055 H H 33 31 318 561 57 64 
 1056 W H 31 30 266 611 62 61 
 1057 W H 33 30 296 580 61 63 
 1058 M W 37 30 277 593 63 67 
 1059 W M 36 31 253 616 64 67 
 1060 W H 36 28 290 585 61 64 
 1061 W W 30 28 274 608 60 58 
 1062 H H 35 30 297 576 62 65 
 1063 W H 41 29 283 581 66 70 
 1064 H M 33 28 225 651 63 61 
 1065 M W 37 26 269 605 63 63 
 1066 W W 33 28 281 595 63 61 
 1067 H H 39 29 293 577 62 68 
 1068 H H 35 27 268 606 64 62 
 1069 M W 32 29 240 635 64 61 
 1070 H H 38 29 256 613 64 67 
 1071 H H 42 29 270 595 64 71 
 1072 W M 34 29 235 631 71 63 
 1073 H M 34 32 243 621 70 66 
 1074 W H 28 30 218 658 66 58 
 1075 W H 32 32 293 582 61 64 
 1076 H H 39 29 277 589 66 68 
 1077 M H 37 29 249 617 68 66 
 1078 W W 33 30 291 581 65 63 
 1079 M H 37 35 275 588 65 72 
 1080 H H 36 33 291 576 64 69 
 1081 H H 34 35 296 574 61 69 
 1082 H H 35 29 299 572 65 64 
 1083 W H 35 33 353 520 59 68 
 1084 M W 39 32 321 545 63 71 
 1085 W W 34 30 308 563 65 64 
 1086 H W 37 28 271 599 65 65 
 1087 H H 34 29 260 609 68 63 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 1088 H H 30 30 292 589 59 60 
 1089 H M 38 30 281 589 62 68 
 1090 H H 34 28 300 574 64 62 
 1091 H M 37 29 262 604 68 66 
 1092 W H 34 30 265 605 66 64 
 1093 H M 32 28 233 639 68 60 
 1094 H M 44 30 284 577 65 74 
 1095 W H 33 28 290 585 64 61 
 1096 M M 34 33 289 581 63 67 
 1097 M W 42 35 303 559 61 77 
 1098 H H 36 32 274 592 66 68 
 1099 H H 34 28 270 607 61 62 
 1101 H M 33 29 337 544 57 62 
 1102 M H 34 30 223 643 70 64 
 1103 H W 33 27 266 611 63 60 
 1104 W H 33 29 299 575 64 62 
 1105 H H 34 30 256 614 66 64 
 1106 W H 36 30 297 570 67 66 
 1107 H M 36 33 265 603 63 69 
 1108 H H 37 31 257 606 69 68 
 1109 W H 30 26 241 640 63 56 
 1110 H W 35 29 276 597 63 64 
 1111 H W 34 28 284 591 63 62 
 1112 W H 30 27 250 629 64 57 
 1113 H W 36 31 309 559 65 67 
 1114 H H 33 30 260 611 66 63 
 1115 W H 30 27 269 616 58 57 
 1116 W W 42 29 294 569 66 71 
 1117 H M 37 31 257 608 67 68 
 1118 W W 31 28 260 619 62 59 
 1119 H W 38 27 329 547 59 65 
 1120 H M 46 31 255 600 68 77 
 1121 W M 32 30 251 624 63 62 
 1122 H H 36 27 263 610 64 63 
 1123 M H 41 31 285 580 63 72 
 1124 H M 36 29 300 577 58 65 
 1125 H H 39 34 300 564 63 73 
 1126 W W 36 29 303 567 65 65 
 1127 W H 35 31 284 585 65 66 
 1128 H H 40 34 329 540 57 74 
 1129 H M 34 32 292 585 57 66 
 1130 H H 41 30 288 577 64 71 
 1131 H W 41 29 288 577 65 70 
 1132 M W 41 30 250 611 68 71 
 1133 H M 40 31 306 562 61 71 
 1134 H H 40 30 277 586 67 70 
 1135 H H 33 29 252 621 65 62 
 1137 W H 40 30 264 601 65 70 
 1138 H H 35 30 462 416 57 65 
 1139 H M 43 31 295 573 58 74 
 1140 H M 39 27 311 563 60 66 
 1141 H H 45 30 270 590 65 75 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
2 1142 H H 31 30 251 622 66 61 
 1143 M H 37 44 454 415 50 81 
 1144 M M 32 34 398 486 50 66 
 1145 M H 38 29 266 603 64 67 
 1146 H W 35 29 302 573 61 64 
 1147 H H 32 30 276 604 58 62 
 1148 H W 36 31 283 589 61 67 
 1149 H W 36 30 300 577 57 66 
 1150 W H 43 27 286 580 64 70 
 1151 H H 32 36 340 536 56 68 
 1153 M H 39 29 267 603 62 68 
 1154 H H 33 30 262 613 62 63 
 1155 H M 36 28 250 622 64 64 
 1156 W M 41 30 298 564 67 71 
 1157 W W 31 40 437 438 54 71 
 1158 W H 31 32 321 561 55 63 
 1159 H W 35 42 346 519 58 77 
 1160 H H 35 27 281 599 58 62 
 1161 W W 32 31 351 525 61 63 
 1162 W W 32 30 388 498 52 62 
 1163 W H 33 29 264 610 64 62 
 1164 H H 33 34 467 416 50 67 
 1165 H M 36 29 242 627 66 65 
 1166 H W 40 30 279 585 66 70 
 1167 W M 35 27 282 597 59 62 
 1168 H W 30 39 502 381 48 69 
 1169 W H 31 38 376 500 55 69 
 1170 W H 30 26 263 620 61 56 
 1171 H W 41 27 261 602 69 68 
 1172 W H 38 27 255 611 69 65 
 1173 W W 35 27 300 579 59 62 
 1174 H W 37 33 348 524 58 70 
 1175 W W 29 26 242 644 59 55 
 1176 H M 45 28 276 588 63 73 
 1177 W M 31 30 310 578 51 61 
3 1401 M H 39 33 270 590 68 72 
 1402 H H 36 28 259 614 63 64 
 1403 W H 35 28 286 586 65 63 
 1404 M W 43 28 262 603 64 71 
 1405 H H 38 31 289 577 65 69 
 1406 H H 36 29 264 604 67 65 
 1407 M H 40 30 297 572 61 70 
 1408 W W 34 28 321 557 60 62 
 1409 H W 32 28 280 596 64 60 
 1410 H W 36 29 269 602 64 65 
 1411 M H 36 32 274 595 63 68 
 1412 M H 33 28 278 600 61 61 
 1413 W H 35 31 254 612 68 66 
 1414 W H 39 28 284 586 63 67 
 1415 H H 38 30 302 568 62 68 
 1416 M H 41 30 303 565 61 71 
 1417 H H 43 29 296 569 63 72 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1418 M H 40 30 273 594 63 70 
 1419 M M 48 35 242 606 69 83 
 1420 H H 40 29 266 602 63 69 
 1421 M W 33 29 246 628 64 62 
 1422 H W 33 27 273 603 64 60 
 1424 H W 42 28 291 575 64 70 
 1425 M H 33 28 240 639 60 61 
 1426 M W 37 28 255 617 63 65 
 1427 H W 38 29 282 586 65 67 
 1428 W W 32 38 323 547 60 70 
 1429 W W 34 30 300 575 61 64 
 1430 W M 42 30 288 573 67 72 
 1431 W M 35 29 288 585 63 64 
 1432 W W 35 28 255 614 68 63 
 1433 M H 38 34 261 604 63 72 
 1434 M W 33 29 289 591 58 62 
 1435 W H 35 32 295 573 65 67 
 1436 W H 33 29 256 616 66 62 
 1438 H M 39 32 309 559 61 71 
 1439 H H 34 30 230 637 69 64 
 1440 W M 33 32 292 584 59 65 
 1441 H H 36 31 267 599 67 67 
 1442 W W 31 34 462 417 56 65 
 1443 H H 35 30 259 614 62 65 
 1444 M M 47 33 262 591 67 80 
 1445 W W 34 29 313 556 68 63 
 1446 H W 40 26 315 560 59 66 
 1447 H M 35 32 280 590 63 67 
 1448 M M 43 30 280 583 64 73 
 1449 M H 37 29 319 555 60 66 
 1450 M W 36 30 302 570 62 66 
 1451 W W 32 28 286 593 61 60 
 1452 H M 38 28 352 524 58 66 
 1453 H W 35 30 311 561 63 65 
 1454 H M 37 29 319 554 61 66 
 1455 H H 34 32 348 527 59 66 
 1456 H W 31 29 367 519 54 60 
 1457 H H 31 32 285 587 65 63 
 1458 M W 35 29 337 540 59 64 
 1459 H H 35 29 272 601 63 64 
 1460 W H 34 32 278 589 67 66 
 1462 W M 33 36 288 578 65 69 
 1463 W H 34 29 325 553 59 63 
 1464 W W 31 29 278 598 64 60 
 1465 W W 35 31 309 564 61 66 
 1466 H H 38 32 325 543 62 70 
 1467 H H 40 32 307 559 62 72 
 1468 W M 37 32 271 591 69 69 
 1469 H W 33 32 325 550 60 65 
 1470 H M 36 31 260 607 66 67 
 1471 H H 35 33 339 533 60 68 
 1473 H W 31 32 264 614 59 63 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1474 H H 38 29 355 516 62 67 
 1475 M H 37 34 313 556 60 71 
 1476 H H 31 33 247 623 66 64 
 1477 W H 36 31 290 580 63 67 
 1478 H W 33 32 233 634 68 65 
 1479 H H 38 31 249 615 67 69 
 1480 M H 41 32 302 566 59 73 
 1481 W W 33 30 312 562 63 63 
 1482 H H 36 31 257 609 67 67 
 1483 H M 42 31 270 588 69 73 
 1484 H H 41 30 319 549 61 71 
 1485 H H 37 32 324 548 59 69 
 1486 W W 33 29 274 600 64 62 
 1487 H W 33 28 274 601 64 61 
 1488 H W 36 31 301 568 64 67 
 1489 H W 34 29 274 598 65 63 
 1490 H H 42 29 308 557 64 71 
 1491 M W 39 28 286 583 64 67 
 1492 M W 37 28 284 587 64 65 
 1493 M M 39 34 266 591 70 73 
 1494 H W 33 28 263 608 68 61 
 1495 H H 38 28 249 616 69 66 
 1496 M W 37 29 300 569 65 66 
 1497 H H 44 29 280 582 65 73 
 1498 W M 35 36 293 573 63 71 
 1500 W H 32 34 282 586 66 66 
 1501 H M 44 33 257 594 72 77 
 1502 M H 40 30 241 617 72 70 
 1503 H H 37 30 245 615 73 67 
 1504 H M 32 34 257 613 64 66 
 1505 W H 33 29 241 626 71 62 
 1506 M H 32 34 223 639 72 66 
 1507 M H 31 29 239 635 66 60 
 1508 H W 37 27 262 605 69 64 
 1509 W H 30 31 255 623 61 61 
 1510 H H 38 31 306 565 60 69 
 1511 H H 39 31 281 584 65 70 
 1512 M H 31 40 431 446 52 71 
 1513 M M 42 34 255 604 65 76 
 1514 W W 38 28 280 590 64 66 
 1515 W W 31 29 350 536 54 60 
 1516 H W 34 30 341 541 54 64 
 1517 M H 32 30 222 654 62 62 
 1518 H H 36 31 339 537 57 67 
 1519 M H 37 34 301 569 59 71 
 1520 M H 36 31 258 614 61 67 
 1521 H H 33 29 268 604 66 62 
 1522 W M 29 26 242 643 60 55 
 1523 H W 29 31 230 647 63 60 
 1524 H M 40 29 278 589 64 69 
 1525 M H 37 28 257 618 60 65 
 1526 H W 34 27 242 625 72 61 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1527 W W 27 29 274 613 57 56 
 1528 H M 37 28 287 582 66 65 
 1529 H W 37 26 275 603 59 63 
 1530 W H 34 27 273 607 59 61 
 1531 H H 29 28 261 624 58 57 
 1532 M W 34 29 245 625 67 63 
 1533 W H 35 29 249 617 70 64 
 1534 H H 34 26 237 638 65 60 
 1535 M M 38 32 287 584 59 70 
 1536 W H 32 28 315 571 54 60 
 1537 W M 29 25 225 661 60 54 
 1538 M H 38 31 267 601 63 69 
 1539 H H 36 30 252 616 66 66 
 1540 H H 35 29 283 594 59 64 
 1541 W H 28 29 217 662 64 57 
 1542 W H 34 27 250 626 63 61 
 1543 M W 31 29 222 655 63 60 
 1544 W H 30 29 273 604 64 59 
 1545 H H 34 33 287 585 61 67 
 1546 H H 34 28 282 591 65 62 
 1547 H H 37 28 247 621 67 65 
 1548 M W 30 28 214 665 63 58 
 1550 M M 32 31 250 626 61 63 
 1551 M H 46 31 279 580 64 77 
 1552 W H 28 28 222 655 67 56 
 1553 M W 36 29 249 616 70 65 
 1554 W M 35 25 301 578 61 60 
 1555 H H 36 29 277 589 69 65 
 1556 W H 31 32 242 631 64 63 
 1557 H H 36 27 271 607 59 63 
 1558 H H 30 27 211 666 66 57 
 1559 H W 38 30 270 595 67 68 
 1560 H H 37 29 265 606 63 66 
 1562 H H 32 31 270 605 62 63 
 1563 W W 37 29 286 578 70 66 
 1564 W H 32 31 300 574 63 63 
 1565 H H 36 29 290 583 62 65 
 1566 W W 32 27 324 558 59 59 
 1567 H H 35 29 272 599 65 64 
 1568 H H 36 29 305 572 58 65 
 1569 H W 36 33 258 602 71 69 
 1570 M W 44 34 303 556 63 78 
 1572 H M 45 30 282 575 68 75 
 1573 W H 35 33 292 578 62 68 
 1574 H W 37 31 335 534 63 68 
 1575 W H 35 29 275 598 63 64 
 1576 M H 37 32 274 591 66 69 
 1577 H H 37 31 298 571 63 68 
 1578 H H 39 31 305 564 61 70 
 1579 M H 35 36 295 571 63 71 
 1580 H W 31 28 301 579 61 59 
 1581 W H 35 29 263 609 64 64 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1583 H H 37 28 313 562 60 65 
 1584 M H 35 34 305 566 60 69 
 1585 H M 36 29 261 614 60 65 
 1587 M W 39 31 317 549 64 70 
 1588 W H 30 28 251 626 65 58 
 1589 M H 39 35 282 581 63 74 
 1590 M H 35 31 291 584 59 66 
 1591 H H 36 30 308 562 64 66 
 1592 M W 34 29 275 602 60 63 
 1593 W H 35 27 289 588 61 62 
 1594 M M 35 32 252 617 64 67 
 1595 W W 36 28 332 546 58 64 
 1596 M M 41 32 331 535 61 73 
 1597 H H 34 29 297 583 57 63 
 1598 H H 29 32 261 620 58 61 
 1599 H H 33 30 287 590 60 63 
 1600 H H 34 29 277 598 62 63 
 1602 H H 36 30 264 608 62 66 
 1603 M H 32 30 274 610 54 62 
 1604 M H 38 32 254 610 66 70 
 1605 H W 37 27 305 569 62 64 
 1606 W M 35 26 255 620 64 61 
 1607 W M 38 28 278 593 63 66 
 1608 H H 40 30 257 605 68 70 
 1609 W W 31 32 229 642 66 63 
 1610 M H 43 32 268 593 64 75 
 1611 W H 36 30 258 612 64 66 
 1612 M M 38 36 275 583 68 74 
 1613 H W 39 30 305 565 61 69 
 1614 H M 43 33 299 559 66 76 
 1615 M H 41 35 251 602 71 76 
 1616 W W 30 28 256 622 64 58 
 1618 W H 34 31 289 583 63 65 
 1619 H M 33 31 227 642 67 64 
 1620 H H 35 34 306 569 56 69 
 1621 H M 35 30 300 575 60 65 
 1622 W H 34 28 407 472 59 62 
 1623 M H 36 30 285 588 61 66 
 1624 H H 31 29 271 606 63 60 
 1625 W W 37 29 295 578 61 66 
 1626 W H 34 29 247 622 68 63 
 1627 M H 31 29 251 627 62 60 
 1628 H H 33 33 279 594 61 66 
 1629 W H 30 27 224 655 64 57 
 1630 M H 35 32 309 561 63 67 
 1632 H W 35 31 271 596 67 66 
 1633 H M 38 36 283 582 61 74 
 1634 M H 35 30 239 635 61 65 
 1635 W H 39 26 263 603 69 65 
 1636 H W 46 29 298 564 63 75 
 1637 H H 34 30 268 604 64 64 
 1638 M H 41 31 295 570 63 72 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1639 H H 40 29 256 608 67 69 
 1640 M H 34 30 218 650 68 64 
 1641 H H 29 26 234 649 62 55 
 1642 M W 35 30 282 593 60 65 
 1643 H W 29 27 241 642 61 56 
 1644 H W 30 31 236 641 62 61 
 1645 W H 31 29 284 593 63 60 
 1646 M H 38 32 296 577 57 70 
 1647 H W 33 31 223 646 67 64 
 1648 W W 33 28 256 617 66 61 
 1649 M W 30 26 238 644 62 56 
 1650 M H 34 30 221 650 65 64 
 1651 W H 37 30 274 596 63 67 
 1652 H H 34 32 318 557 59 66 
 1653 M M 45 33 280 578 64 78 
 1654 M H 31 27 250 629 63 58 
 1655 M H 35 27 261 618 59 62 
 1656 W M 31 27 254 628 60 58 
 1657 W M 33 31 247 623 66 64 
 1658 H H 33 31 294 582 60 64 
 1659 H W 30 31 373 515 51 61 
 1660 H M 37 32 286 586 59 69 
 1661 H H 37 30 247 619 67 67 
 1662 W M 31 29 338 548 54 60 
 1663 W H 28 26 242 643 61 54 
 1664 W H 35 30 293 583 59 65 
 1665 M M 46 31 263 592 68 77 
 1666 M H 40 28 267 598 67 68 
 1667 M W 39 31 262 599 69 70 
 1668 H H 37 30 289 584 60 67 
 1669 H H 40 31 310 558 61 71 
 1670 H H 36 29 229 634 72 65 
 1671 W W 32 29 254 616 69 61 
 1672 M H 32 29 246 632 61 61 
 1673 M H 34 28 227 648 63 62 
 1674 H H 43 27 274 593 63 70 
 1675 H W 40 27 294 574 65 67 
 1676 H W 35 29 242 626 68 64 
 1677 M H 44 33 255 603 65 77 
 1678 M M 45 30 285 580 60 75 
 1679 M H 42 32 238 619 69 74 
 1680 M H 44 30 264 596 66 74 
 1681 W H 33 27 257 622 61 60 
 1682 M W 48 28 265 588 71 76 
 1683 H W 35 27 298 575 65 62 
 1684 H W 39 30 286 582 63 69 
 1685 M H 42 28 277 589 64 70 
 1686 M H 45 28 251 610 66 73 
 1687 H W 36 27 295 578 64 63 
 1689 H W 33 33 282 588 64 66 
 1690 H M 38 27 273 596 66 65 
 1691 M H 42 31 253 609 65 73 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1692 M H 45 30 237 617 71 75 
 1693 M H 37 28 240 633 62 65 
 1694 H H 43 28 292 573 64 71 
 1695 W M 36 25 297 585 57 61 
 1696 H H 31 28 253 626 62 59 
 1697 H H 42 28 281 588 61 70 
 1698 H H 38 30 248 616 68 68 
 1699 W H 37 26 308 568 61 63 
 1700 W W 37 28 255 610 70 65 
 1701 M H 46 28 273 589 64 74 
 1702 M M 38 33 211 644 74 71 
 1703 W H 46 29 268 587 70 75 
 1704 W W 38 28 256 612 66 66 
 1705 M H 48 29 286 573 64 77 
 1706 H W 38 28 309 566 59 66 
 1707 W W 38 30 282 586 64 68 
 1708 W W 35 29 289 584 63 64 
 1709 H M 40 30 301 568 61 70 
 1710 H H 43 29 295 570 63 72 
 1711 H H 38 32 303 569 58 70 
 1712 M H 41 29 283 586 61 70 
 1713 H H 39 29 268 599 65 68 
 1714 W M 34 28 256 620 62 62 
 1715 H W 36 28 282 590 64 64 
 1716 H H 39 30 250 613 68 69 
 1717 M W 33 30 241 630 66 63 
 1718 M W 38 29 247 618 68 67 
 1719 H M 49 30 265 588 68 79 
 1720 H H 43 27 291 570 69 70 
 1721 M W 39 29 262 603 67 68 
 1722 M H 36 29 250 623 62 65 
 1723 M H 36 27 264 610 63 63 
 1724 H M 43 32 312 549 64 75 
 1725 W H 34 31 250 618 67 65 
 1726 H H 32 29 240 638 61 61 
 1727 H H 38 28 274 597 63 66 
 1728 H M 47 33 254 596 70 80 
 1729 M M 34 29 230 644 63 63 
 1730 M M 49 34 246 602 69 83 
 1731 H H 37 30 249 618 66 67 
 1732 H H 30 28 263 621 58 58 
 1733 W H 33 30 248 624 65 63 
 1734 H W 41 30 258 601 70 71 
 1735 H H 37 31 239 622 71 68 
 1736 W H 37 30 234 631 68 67 
 1737 H H 34 28 226 643 69 62 
 1738 H H 30 28 240 642 60 58 
 1739 W W 33 30 250 622 65 63 
 1740 M M 44 31 245 612 68 75 
 1741 H M 32 30 236 638 64 62 
 1742 M M 43 30 258 599 70 73 
 1743 H H 33 28 256 621 62 61 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1744 H W 31 27 266 615 61 58 
 1745 W W 32 28 287 592 61 60 
 1746 H H 36 30 260 608 66 66 
 1747 W H 42 29 283 584 62 71 
 1748 H H 36 30 248 623 63 66 
 1749 H H 37 32 282 586 63 69 
 1750 W H 35 31 310 562 62 66 
 1751 H M 36 33 317 556 58 69 
 1752 H M 42 33 261 596 68 75 
 1753 M H 36 28 264 608 64 64 
 1754 M H 41 32 328 540 59 73 
 1755 H H 38 31 320 550 61 69 
 1756 W H 33 28 249 624 66 61 
 1757 H M 39 28 278 589 66 67 
 1758 M W 34 28 263 611 64 62 
 1759 W M 37 32 265 601 65 69 
 1760 M W 40 30 311 558 61 70 
 1761 H W 40 32 285 578 65 72 
 1762 H W 37 28 253 616 66 65 
 1763 W W 39 30 285 580 66 69 
 1764 H H 42 31 247 610 70 73 
 1765 M H 38 31 281 587 63 69 
 1766 H W 37 28 257 613 65 65 
 1767 M W 39 28 249 619 65 67 
 1768 H H 37 32 261 601 69 69 
 1769 W W 31 29 241 634 65 60 
 1770 H W 42 30 265 597 66 72 
 1771 H H 41 30 261 598 70 71 
 1772 W H 37 30 272 592 69 67 
 1773 W H 35 28 282 588 67 63 
 1774 H M 44 30 279 582 65 74 
 1775 W H 33 27 283 593 64 60 
 1776 H H 41 30 249 613 67 71 
 1777 W M 33 27 251 624 65 60 
 1778 H W 42 33 285 571 69 75 
 1779 W H 36 27 285 586 66 63 
 1780 H H 35 27 243 631 64 62 
 1781 H M 39 29 230 627 75 68 
 1782 M H 40 30 269 596 65 70 
 1783 H W 39 26 251 617 67 65 
 1784 H W 37 26 280 596 61 63 
 1787 H H 35 31 247 622 65 66 
 1788 H H 37 26 293 582 62 63 
 1789 H H 35 29 288 588 60 64 
 1790 H H 39 31 276 587 67 70 
 1791 W M 35 33 299 567 66 68 
 1792 H W 31 28 269 615 57 59 
 1793 M W 38 30 254 610 68 68 
 1794 M M 37 36 268 600 59 73 
 1795 M W 39 31 257 606 67 70 
 1796 H W 41 30 278 583 68 71 
 1798 W M 42 27 255 610 66 69 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1799 W H 36 27 274 598 65 63 
 1800 W H 39 31 274 590 66 70 
 1801 W H 39 28 280 589 64 67 
 1802 M H 38 30 264 602 66 68 
 1803 M H 42 30 250 610 68 72 
 1804 H W 41 28 258 602 71 69 
 1805 H H 38 29 280 586 67 67 
 1806 H W 36 28 335 538 63 64 
 1807 W W 34 29 293 584 60 63 
 1808 H H 42 28 258 605 67 70 
 1809 M H 45 31 263 593 68 76 
 1810 W H 39 29 261 604 67 68 
 1811 H M 47 31 276 582 64 78 
 1812 H M 48 32 273 579 68 80 
 1813 H W 35 29 262 607 67 64 
 1814 H M 35 31 259 608 67 66 
 1815 H W 35 33 270 597 65 68 
 1817 M W 36 30 302 569 63 66 
 1818 M W 37 29 269 601 64 66 
 1819 H H 36 33 250 608 73 69 
 1820 H H 41 30 290 576 63 71 
 1821 W M 41 28 264 603 64 69 
 1822 H H 41 26 284 589 60 67 
 1823 W W 37 26 330 549 58 63 
 1824 W W 37 29 256 609 69 66 
 1825 H H 42 27 270 590 71 69 
 1826 H W 32 28 237 637 66 60 
 1827 M H 41 29 246 615 69 70 
 1828 W H 41 29 255 605 70 70 
 1829 W M 37 33 283 584 63 70 
 1830 H H 39 29 290 580 62 68 
 1831 W H 34 27 278 598 63 61 
 1832 H M 44 30 267 594 65 74 
 1833 M H 43 28 303 565 61 71 
 1834 H W 40 29 256 608 67 69 
 1835 H H 38 29 252 616 65 67 
 1836 M W 40 26 273 593 68 66 
 1837 H H 39 29 254 608 70 68 
 1838 H M 47 28 268 594 63 75 
 1839 M H 38 29 242 626 65 67 
 1840 H H 46 28 266 587 73 74 
 1841 H M 37 29 228 639 67 66 
 1842 W H 38 29 265 599 69 67 
 1843 W H 39 29 304 563 65 68 
 1844 H M 36 27 243 633 61 63 
 1845 M H 37 32 251 616 64 69 
 1846 H M 43 30 262 602 63 73 
 1847 H H 46 28 274 586 66 74 
 1848 M H 43 29 238 623 67 72 
 1849 W H 43 29 287 572 69 72 
 1850 H H 38 36 304 560 62 74 
 1851 H M 41 29 304 567 59 70 
 
139 
 
1
3
9
 
Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1853 W H 32 38 441 433 56 70 
 1854 H W 37 29 248 618 68 66 
 1855 H M 43 34 261 597 65 77 
 1856 H M 46 29 295 570 60 75 
 1857 W M 39 26 287 588 60 65 
 1858 H H 37 30 306 568 59 67 
 1859 H M 34 34 354 517 61 68 
 1860 H W 35 31 316 559 59 66 
 1861 M W 31 28 221 657 63 59 
 1862 H M 43 27 309 561 60 70 
 1863 H H 43 29 284 582 62 72 
 1864 H W 40 29 302 565 64 69 
 1865 H M 38 29 248 621 64 67 
 1866 H H 43 31 283 580 63 74 
 1867 M W 33 30 294 579 64 63 
 1868 H W 35 27 247 620 71 62 
 1869 M H 45 29 259 601 66 74 
 1870 H M 43 31 256 597 73 74 
 1871 M W 41 28 302 569 60 69 
 1872 H H 36 29 241 622 72 65 
 1873 W M 37 30 309 562 62 67 
 1874 W H 44 30 288 574 64 74 
 1875 H W 42 27 282 584 65 69 
 1876 H W 41 31 259 599 70 72 
 1877 H W 38 25 291 583 63 63 
 1878 H M 45 30 281 579 65 75 
 1879 H H 44 28 282 581 65 72 
 1880 H H 41 28 253 610 68 69 
 1881 M M 43 31 296 572 58 74 
 1882 W H 35 30 267 601 67 65 
 1883 H H 39 31 264 601 65 70 
 1884 W H 35 28 275 596 66 63 
 1885 H H 38 28 294 579 61 66 
 1886 W M 37 32 286 579 66 69 
 1887 M H 36 28 270 599 67 64 
 1888 H W 32 31 257 617 63 63 
 1890 H M 39 37 317 547 60 76 
 1892 W W 44 27 280 584 65 71 
 1893 H H 44 29 245 611 71 73 
 1894 H H 41 30 292 576 61 71 
 1895 H M 39 32 264 600 65 71 
 1896 W M 35 28 263 611 63 63 
 1897 H H 44 29 279 580 68 73 
 1898 W W 36 30 264 604 66 66 
 1901 W W 39 33 289 575 64 72 
 1902 H H 38 26 268 606 62 64 
 1903 M H 46 29 246 613 66 75 
 1904 W H 36 28 276 596 64 64 
 1905 M M 42 33 256 605 64 75 
 1906 H H 37 33 271 594 65 70 
 1907 M W 40 29 250 613 68 69 
 1908 M H 45 35 260 590 70 80 
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Table C2. continued. 
Population Plant L1 L2 Palmitate Stearate Oleate Linoleate Linolenate Saturates 
 number    
    ------------------------------------ g kg
-1
 ------------------------------------ 
3 1909 M H 38 29 250 615 68 67 
 1910 M H 37 29 232 632 70 66 
 1911 W H 33 30 292 586 59 63 
 1912 M H 38 31 261 607 63 69 
 1913 H W 38 36 295 571 60 74 
 1914 H H 42 35 278 583 62 77 
 1915 W H 36 28 276 596 64 64 
 1916 M W 31 25 232 653 59 56 
 1917 H M 43 30 241 618 68 73 
 1918 M W 37 27 292 580 64 64 
 1919 M H 39 30 244 620 67 69 
 1920 M H 43 31 260 602 64 74 
 1921 W H 40 29 281 582 68 69 
 1922 W M 39 29 267 599 66 68 
 1923 W M 34 26 284 594 62 60 
 1924 W H 39 29 263 606 63 68 
 1925 M H 38 32 288 579 63 70 
          
Check CX1834-1-6 M M 123 52 241 519 65 175 
Check A05-318020 M M 46 35 307 556 56 81 
Check A08-260001 M M 43 38 275 573 71 81 
Parent A38 M M 36 28 249 624 63 64 
Check B01769B019 W W 35 31 314 555 65 66 
Parent IA1025 W W 36 29 309 561 65 65 
Check IA2069 W W 39 29 289 576 67 68 
Check IA2094 W W 100 45 301 500 54 145 
Check IA2095 W W 38 33 321 541 67 71 
Check IA2099 W W 38 30 288 571 73 68 
Check IA3023 W W 109 41 286 510 54 150 
Check A08-253015 W W 36 29 320 554 61 65 
Parent A08-253041 W W 35 29 302 571 63 64 
Parent A08-253044 W W 36 30 330 542 62 66 
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